Volume LXXVII 


Of 


THE 
BIOLOGICAL BULLETIN 


PUBLISHED BY 
THE MARINE BIOLOGICAL LABORATORY 


Editorial Board 


GarY N. CALKINS, Columbia University E. E. JUST, Howard University 
E. G. CONKLIN, Princeton University FRANK R. LILLIE, University of Chicago 
E. N. HARVEY, Princeton University CARL R. MOORE, University of Chicago 
SELIG HECHT, Columbia University GEORGE T. MOORE, Missouri Botanical Garden 
LEIGH HOADLEY, Harvard University 5 ; 3 
L. IRVING, Swarthmore College T. H. MORGAN, California Institute of Technology 
M. H. JACOBS, University of Pennsylvania G. H. PARKER, Harvard University 
H. S. JENNINGS, Johns Hopkins University F. SCHRADER, Columbia University 
ALFRED C. REDFIELD, Harvard University 


Managing Editor 


DECEMBER, 1939 


Printed and Issued by 
LANCASTER PRESS, Inc. 
PRINCE & LEMON STS. 
LANCASTER, PA. 





Biology Materials 


LIVING MARINE MATERIALS 
AND AQUARIA SETS 


For several years we have been furnishing living marine ma- 
terials and live aquaria sets, information or prices on which 
will be gladly given on request. From November Ist until 
March Ist we guarantee delivery on all these materials to 
points indicated in our catalogue. 


PRESERVED SPECIMENS 
for 
Zoology, Botany, Embryology, 
and Comparative Anatomy 


LIVING SPECIMENS 
for 
Zoology, Botany, and Genetics 
including Algae, Protozoan 
cultures, Drosophila cultures, 
and animals for experimental 
and laboratory use. 


MICROSCOPE SLIDES 
for 

Zoology, Botany, Embryology, 

Histology, Bacteriology, and 

Parasitology. 


{Jl our materials are fully guaranteed to give complete satisfaction 


a, 
Supply Department 
MARINE 


BIOLOGICAL LABORATORY 
Woods Hole, Mass. 





<j 


THE 
BIOLOGICAL BULLETIN 


PUBLISHED BY 
THE MARINE BIOLOGICAL LABORATORY 


Editorial Board 


Gary N. CALKINS, Columbia University E. E. JUST, Howard University 

E. G. CONKLIN, Princeton University FRANK R. LILLIE, University of Chicago 

EB. N. HARVEY, Princeton University CARL R. MOORE, University of Chicago 

— HECHT, Columbia University GEORGE T. MOORE, Missouri Botanical Garden 
GH HOADLEY, Harvard University 7 : 

L, IRVING, Swarthmore College T. H. MORGAN, California Institute of Technology 


_M. H. JACOBS, University of Pennsylvania G. H. PARKER, Harvard University 
H. S. JENNINGS, Johns Hopkins University F. SCHRADER, Columbia University 


ALFRED C. REDFIELD, Harvard University 
Managing Editor 


VOLUME LXXVII 


AUGUST TO DECEMBER, 1939 


Printed and Issued by 
LANCASTER PRESS, Inc. 


PRINCE & LEMON STS. 
LANCASTER, PA. 





Tue BrotocicaLt BULLETIN is issued six times a year. Single 
numbers, $1.75. Subscription per volume (3 numbers), $4.50. 


Subscriptions and other matter should be addressed to the 
Biological Bulletin, Prince and Lemon Streets, Lancaster, Pa. 
Agent for Great Britain: Wheldon & Wesley, Limited, 2, 3 and 
4 Arthur Street, New Oxford Street, London, W.C. 2. 


Communications relative to manuscripts should be sent to the 
Managing Editor, Marine Biological Laboratory, Woods Hole, 
Mass., between June 1 and October 1 and to the Biological Labo- 
ratories, Divinity Avenue, Cambridge, Mass., during the remainder 
of the year. 


Entered October 10, 1902, at Lancaster, Pa., as second-class matter under 
Act of Congress of July 16, 1894. 


LANCASTER PRESS, INC., LANCASTER, PA. 





CONTENTS 


No. 1. AvuGust, 1939 


PAGE 


FortTy-First REPORT OF THE MARINE BIOLOGICAL LABORATORY. 
Martin, W. E. 
Studies on the Trematodes of Woods Hole. II. The life 
cycle of Stephanostomum tenue (Linton)... . 
HARVEY, ETHEL BROWNE 
An Hermaphrodite Arbacia 
ROOSEN-RUNGE, EDWARD C. 
Karyokinesis during Cleavage of the Zebra fish Brachydanio 
rerio 
MATTHEWS, SAMUEL A. 
The Effects of Light and Temperature on the Male Sexual 
Cycle in Fundulus 
BURGER, J. WENDELL 
Some Experiments on the Relation of the External Environ- 
ment to the Spermatogenetic Cycle of Fundulus heteroclitus 
WR elias cis ae neds ce ee wine ene eta oe 
Brown, F. A., JR., AND ONA CUNNINGHAM 
Influence of the Sinusgland of Crustaceans on Normal Via- 
bility and Ecdysis 
MACGINITIE, G. E. 
The Method of Feeding of Chaetopterus................. 
WELsH, JouHN H. 
The Action of Eye-stalk Extracts on Retinal Pigment Migra- 
tion in the Crayfish, Cambarus bartoni.................. 
CROZIER, W. J., AND ERNST WOLF 
The Flicker-response Contour for the Crayfish. II. Retinal 
pigment and the theory of the asymmetry of the curve..... 
LAWSON, CHESTER A. 
The Significance of Germaria in Differentiation of Ovarioles 
in Female Aphids 


1 


65 


74 


79 





CONTENTS 


No. 2. OcTOBER, 1939 


PAGE 


SOUTHWICK, WALTER E. 
Activity-preventing and Egg-Sea-Water Neutralizing Sub- 
stances from Spermatozoa of Echinometra subangularis. . . . 

SOUTHWICK, WALTER E. 
The “Agglutination 
Chiton tuberculatus 

KANDA, SAKYO 
The Luminescence of a Nemertean, Emplectonema kandai, 
Kato. . salt nit 

FAWCETT, DON WAYNE 
Absence of the Epithelial Hypophysis in a Fetal Dogfish 
Associated with Abnormalities of the Head and of Pigmenta- 
A 

GoopricH, H. B., AND - PRISCILL A L. ANDERSON 
Variations of Color Pattern in Hybrids of the Goldfish, 
Carassius auratus 

Goopricn, H. B., AND J. P. TRINKAUS 
The Differential Effect of Radiations on Mendelian Pheno- 
types of the Goldfish, Carassius auratus 

Jounson, W. H., AND J. E. G. RAYMONT 
The Reactions of the Planktonic Copepod, Centropages 
typicus, to Light and Gravity. 

RosE, S. MERYL 
Embryonic Induction in the Ascidia 

PorTER, K. R. 
Androgenetic Development of the Egg of Rana pipiens... . . 

BUTCHER, Eart O. 
The Illumination of the Eye Necessary for Different Melano- 
phoric Responses of Fundulus heteroclitus 

BRAGG, ARTHUR N. 
Observations upon Amphibian Deutoplasm and its Relation 
to Embryonic and Early Larval Development 

Von BRAND, THEODOR, Norris W. RAKESTRAW AND CHARLES E. 
RENN 
Further Experiments on the Decomposition and Regeneration 
of Nitrogenous Organic Matter in Sea Water. 

PROGRAM AND ABSTRACTS OF SCIENTIFIC PAPERS PRESENTED AT 
THE MARINE BIOLOGICAL LABORATORY, SUMMER OF 1939. . 


” 


Phenomenon with Spermatozoa of 


147 


285 


297 





CONTENTS 


No. 3. DECEMBER, 1939 


PAGE 


KITCHING, J. A. 
The Effects of a Lack of Oxygen and of Low Oxygen Tensions 
I >. ce aieseeices rds sdecewdabensener aan 
RAYMONT, J. E. G. 
Dark Adaptation and Reversal of Phototropic Sign in 
in cis allele ate lente Diam ele e tole Meee ee kre nd 
BISSONNETTE, THOMAS HUME AND ALBERT GEORGE CSECH 
Modified Sexual Photoperiodicity in Cotton-tail Rabbits. .. 
LITTLEFORD, ROBERT A. 
The Life Cycle of Dactylometra quinquecirrha, L. Agassiz in 
the Chesapeake Bay. 
BROWN, MORDEN G. 
The Blocking of Excystment Reactions of Colpoda duo- 
denaria by Absence of Oxygen...................0eeeeee 
Mast, S. O. 
The Relation between Kind of Food, Growth, and Structure 
in Amoeba 
ANGERER, C. A. 
The Effect of Electric Current on the Relative Viscosity of 
Sea-Urchin Egg Protoplasm...... 
BEADLE, G. W., E. L. Tatum anp C. 
Development of Eye Colors in Drosophila: Production of v* 
Hormone by Fat Bodies 
Tatum, E. L., anp G. W. BEADLE 
Effect of Diet on Eye-Color Development in Drosophila 
melanogaster 
RUSSELL, ALICE 
Pigment Inheritance in the Fundulus-Scomber Hybrid 
CHILD, GEORGE 
The Effect of Increasing Time of Development at Constant 
Temperature on the Wing Size of Vestigial of Drosophila 
II 22), one ow cee ina 
MACGINITIE, G. E. 
The Method of Feeding of Tunicates............ 
DEWEY, VIRGINIA C. 


Test Secretion in Two Species of Folliculina 


so 


INDEX FOR VOLUME 


339 


382 


391 


399 


415 








Vol. LXXVII, No. 3 December, 1939 


THE 


BIOLOGICAL BULLETIN 


PUBLISHED BY THE MARINE BIOLOGICAL LABORATORY 


THE EFFECTS OF A LACK OF OXYGEN AND OF LOW 
OXYGEN TENSIONS ON PARAMECIUM 


J. A. KITCHING? 


(From the Department of Physiology, Princeton University, Princeton, N. J., and 
the Department of Zodlogy, University of Bristol, England) 


INTRODUCTION 


The ability of Paramecium to survive without oxygen has been the 
subject of many investigations, and the results previously published are 
at variance with one another. Loeb and Hardesty (1895) confined 
Paramecium in a special gas chamber which they freed of oxygen either 
with a stream of hydrogen or by means of alkaline pyrogallol; the 
organisms died after twenty-four hours. Budgett (1898), using an 
Engelmann gas chamber flushed with hydrogen, obtained a survival 
time of several hours, after which the Paramecium bDlistered. Piitter 
(1905) found Paramecium caudatum to survive for five or six days in 
a specially designed bottle which had been flushed thoroughly with 
nitrogen. Fauré-Fremiet et al. (1929) got a survival time of twenty- 
four hours at 25° C. in sealed tubes containing leuco-methylene blue 
(reduced by sodium hydrosulphite). Juday (1909) discovered Para- 
mecium sp. in the deeper waters of Lake Mendota (Wisconsin) at a 
time when he believed these waters to be devoid of free oxygen; ac- 
cording to him Paramecium is therefore able to live anaerobically for 
several months. Fortner (1924) enclosed P. caudatum in an at- 
mosphere of hydrogen together with aerobic bacteria to remove any 
remaining oxygen; they survived for several hours, and their con- 
tractile vacuoles continued to function, although at a reduced frequency. 
Gersch (1937) found that Paramecium died within 10 seconds in gas~ 
purified of its oxygen by means of alkaline pyrogallol. In the work 
which is described in this paper I have attempted to harmonize these 
discrepancies. 

In addition it has been claimed by several investigators that the 
respiration of Paramecium is insensitive to cyanide (Lund, 1918; 
Gerard and Hyman, 1931; Shoup and Boykin, 1931). I have therefore 


1 Fellow of the Rockefeller Foundation. 
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made some observations to determine the capacity of Paramecium to 
carry on its normal activities, such as secretion by the contractile vacu- 
oles and locomotion, in the presence of cyanide. 


APPARATUS AND METHODS 


Anaerobiosis in a Hanging Drop 


In subjecting Protozoa to a lack of oxygen, it is necessary to ensure 
the following conditions : 


(1) A genuine lack of oxygen. It is not possible to assure com- 
plete absence of oxygen molecules, but the oxygen content of the medium 
surrounding the organisms must be so small that the organisms could 
not possibly make any significant use of it for oxidative metabolism. 


Oxygen must not be generated by accompanying plant cells or bacteria. 


(2) No extraneous contamination. For instance, there must be no 
harmful impurities in any gas used. For this reason the absorption of 
oxygen by alkaline pyrogallol is perhaps to be avoided. 

(3) No harmful secondary effects. For instance, the flushing of 
the medium with an oxygen-free gas mixture must not result in a 
harmful shift of the hydrogen ion concentration. 


The general method used was to pass oxygen-free gas past a hanging 
drop containing the organisms. For this purpose cylinder hydrogen, 
or cylinder nitrogen (water-pumped), was first bubbled through con- 
centrated sulphuric acid, dilute sulphuric acid, dilute potassium hy- 
droxide and distilled water. Next it was purified of its oxygen. In 
most experiments hydrogen was used, and was passed through an elec- 
trically heated quartz tube containing platinized asbestos. The quartz 
tube extended sufficiently far at each end beyond the heating coil to 
avoid any significant warming of the deKhotinsky cement seals. In 
some experiments, however, nitrogen was passed over hot copper in a 
special internally heated furnace described by Kendall (1931). This 
furnace consists of a Pyrex glass tube containing a cylinder of copper 
gauze of large surface area, which is heated from within by means of 
a coil of nichrome wire. In this furnace it is always possible to see 
the condition of the copper, and in the time required for one experi- 
ment only a small section of the copper, at the inflow end, became tar- 
nished. Finally the gas was carried by pure lead tubing with seals of 
deKhotinsky cement through a closed glass wash tube with distilled 
water in it to the chamber containing the organisms. 

The organisms were mounted in a hanging drop on a coverglass 
which was sealed with vaseline or a mixture of vaseline and paraffin 
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wax to the chamber. The hanging drop was not allowed to touch the 
vaseline. The chamber itself consisted of a glass ring about 2 cm. in 
diameter and 1 cm. deep, closed underneath by a microscope slide to 
which it was sealed with deKhotinsky cement, and with glass inlet and 
outlet tubes. The upper edge of the ring was ground to support a 
coverglass, and the microscope slide which formed the base of the 
chamber fitted onto the mechanical stage of the microscope. 

From the chamber the gas was carried by lead tubing to a light- 
proof box, where it was bubbled either through a simple water trap or 
through a suspension of marine luminous bacteria. These bacteria 
(Achromobacter fischeri) luminesce in the presence of minute traces 
of oxygen, and according to Harvey and Morrison (1923) about 0.005 
mm. of oxygen can be detected in this way. After the purified hydrogen 
or nitrogen had bubbled for five or ten minutes through the bacterial 
suspension no luminescence could be detected with the dark-adapted 
eye, but admission of air gave immediate recovery of luminescence. 
An analysis of the purified gas made by mass spectrograph by Dr. 
W. R. Guyer showed no trace of oxygen, although one part in 10° could 
have been detected. 

For control experiments another glass chamber, similar to the first, 
was mounted on the stage of a second microscope, and CO,-free air 
was drawn through gently with a suction pump. 


Anaerobiosis in a Tube with Reduced Redox Indicator 


The survival of organisms in the presence of a reduced redox in- 
dicator low in the redox scale has been used as a demonstration of 
anaerobic life. For instance, Clark (1924) found that certain bacteria 
reduced indigo carmine until a high ratio of the reduced to the oxidized 
substance was attained. He calculated that the oxygen tension in equi- 
librium with this mixture was so low as to be physically meaningless. 
For the present purpose, however, such a condition does not establish 
anaerobiosis, since the bacteria were obtaining oxidative energy by re- 
ducing the dye. The dye should therefore be reduced as completely as 
possible to avoid this possibility. Furthermore, the use of methylene 
blue, indophenols, or other indicators high in the series is to be avoided. 
The reoxidation of indicators high in the series is relatively slow at 
atmospheric oxygen tension (Barron, 1932), and might be very slow at 
low oxygen tensions even at the experimental hydrogen ion concentra- 
tion. Harvey (1929) has shown that indophenols in the presence of 
luminous bacteria may remain reduced in the presence of a concentra- 
tion of free oxygen sufficient to allow the bacteria to luminesce. Under 
certain conditions equilibrium may never be attained, and the state of 
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the dye is then no indication of the oxygen tension in the solution. The 
method described below to the best of my knowledge avoids these errors. 

Paramecium in the requisite medium was placed in an internally 
sealed glass wash tube with some platinized pumice and sufficient indigo- 
trisulphonate to color the solution a clear blue. (Platinized pumice 
was found more satisfactory than platinized asbestos, as the latter is 
easily stirred up, and splits into fine sharp spikes which may damage the 
organisms. Platinized pumice was prepared by boiling pumice chips in 
chloroplatinic acid until most of the air had been driven out of the pores. 
Then sodium formate was added until platinum was precipitated in the 
pores and all over the surface of the pumice. The chips were then 
washed very thoroughly in running water.) The wash tube was sealed 
with deKhotinsky cement to the source of purified hydrogen, and the 
gas escaping from it was carried by lead tubing to the anaerobic chamber 
for a parallel experiment. The indicator dye bleached five or ten 
minutes after the hydrogen was turned on. The wash tube was then 
wrapped completely and thoroughly in black cloth so as to exclude all 
light, and slow bubbling of the hydrogen was continued. This pre- 
caution was taken although no photosynthetic organisms were ever 
detected in the cultures. 


Controlled Oxygen Tensions 


In order to subject Paramecium to controlled and known oxygen 
tensions, the apparatus used for anaerobiosis in a hanging drop was 
modified. Hydrogen, purified of its oxygen as already described, and 


oxygen were led through flow meters (see Harvey and Morrison, 1923) 


to a T tap in which they were mixed. The resulting known gas mixture 
was then conveyed through the wash tube with distilled water to the 
observation chamber. Lead tubing and seals of deKhotinsky cement 
were used throughout. According to a later refinement, condensation 
of water in the capillaries of the flow meters was prevented by a tubular 
show-case lamp placed alongside them. By manipulation of the T tap 
the organism could be subjected rapidly either to pure hydrogen or to 
any desired ratio of hydrogen and oxygen. 

In a few experiments at very low oxygen tensions, oxygen was 
mixed with hydrogen in proportions measured by flow meters, and a 
small part of the resulting mixture was then mixed in the same way 
with additional pure hydrogen. The unwanted part of the first mix- 
ture was rejected through a mercury trap. In this way extremely low 
tensions of oxygen could be provided with reasonable accuracy. 

The tension of oxygen in the observation chamber was calculated 
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with due regard for the barometric and water vapor pressures. The 
total gas pressure in the observation chamber exceeded that of the air 
by an insignificant amount. 


The Diffusion of Oxygen in a Hanging Drop 


I am indebted to Dr. H. P. Robertson of the Physics Department, 
Princeton University, for a mathematical expression relating the thick- 
ness of the hanging drop, the original concentration of oxygen in it, 
the diffusion coefficient of oxygen in water, and the time required to 
bring that drop to any given low oxygen tension after the drop has been 
placed over an atmosphere devoid of oxygen. The drop has been re- 
garded as a film parallel to the coverglass, which for my experiments is 
reasonably true. Of the infinite series which was derived only the first 
term is significant, viz. 


t~ — >. log , 
Ar ut 
where ¢ =the time required for the equilibration, 
b =the thickness of the drop, 
=the ratio of concentration of oxygen attained at time ¢ to 
initial concentration, 


A = the diffusion coefficient of oxygen in water. 


For conditions approaching those of the experiments A is given by 
Bruins (1929) as very nearly 2.0 x 10°. 

It will be seen that the time required for the drop to reach any given 
oxygen tension varies as the square of its thickness. Let us choose 
arbitrarily an oxygen tension of 10 & the oxygen tension of the at- 
mosphere—less than one-tenth the minimal value necessary (as will be 
shown later) to allow activity in Paramecium. For @==10~*, when 
b=¥, mm., t—=2 minutes; and when b=1% mm., t=8 minutes. 
The films used were of this order of thickness, and in practice it is 
probable that equilibration is accelerated by the water currents set up 
by the swimming of the Paramecium, as well as by convection currents. 

These theoretical results agree well with experiments on certain 
marine amoebae, to be published later, in which oxygen tensions below 
14 mm. are required for stoppage of movement, and which in a hanging 
drop come to a standstill within five minutes of the time when pure 
hydrogen is turned on. It may be concluded that in my experiments 


adequately anaerobic conditions were attained within ten minutes. 
Similarly the equilibration of a hanging drop with gas mixtures of 
known low oxygen tension must be rapid, provided always that the drop 


is a thin one. 
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MATERIAL 


Paramecium was cultured in timothy hay infusion, and was obtained 
from the following sources : 


(1) P. multimicronucleatum collected from a backwater of the canal 
near Princeton, N. J. Individuals of this race had three con- 
tractile vacuoles. 

(2) P. multimicronucleatum of a pure line (Clone I), with two con- 
tractile vacuoles. 

(3) P. caudatum of a pure line (Clone D). 


TABLE I 


Survival of Paramecium multimicronucleatum clone I under anoxic conditions in 
a hanging drop of its own culture fluid. COs, when used, was at a partial pressure of 
12 mm., which was sufficient to maintain the culture fluid at pH 7.1 approximately. 
Room temperature was 24—28°C. ’ 





| 

Time for first | Time for fifty | 
Gas used Paramecium percentto | 
| _ to blister blister | 


Number of 
animals used 


Time for last | 


to blister Date (1939) 





Pure Hz.... 160 370 440 
Pure No 210 465 585 
H. + CO, | 360 650 | 690 
H, + CO, 595 665 710 
N. + CO, ‘ 500 | 660 | 720 
Nz: + CO2*.. 500 725 
CO.--free air | | 

(control ex- 

periment)... .| —t | 


14 August 6 
43 | August 3 
19 | July 29 

28 | August 1 
12 August 5 
9 August 7 


| 

| 

| 

—_ | 

minutes minutes minutes | 
| 

| 

| 

| 

| 


21 July 30-31 








* Extra pure COz: see text. 
t All survived throughout experiment (31 hours) and remained normal in ap- 
pearance and activity. 


The last two were both kindly supplied to me through the courtesy 
of Professor S. O. Mast of the Johns Hopkins University. 


RESULTS 


In all cases and in all media Paramecium multimicronucleatum and 
P. caudatum, when mounted in a hanging drop in absence of oxygen, 
continued to swim and to evacuate fluid by the contractile vacuoles for 
a limited time. However, the speed of swimming and the rate of out- 
put of the contractile vacuoles decreased, and eventually the organisms 
stopped. Then the trichocysts were discharged ; the anterior end of the 
body usually, but not always, became constricted ; blisters formed at the 
surface of the body; and cytolysis ensued. Paramecium which had 
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ceased all activity for lack of oxygen, and which had even begun to 
blister, recovered rapidly on admission of sufficient oxygen (see Tables 
III and IV). 

The duration of anaerobic survival was very variable, and depended 
partly on the media used. The longest survival times were got with 
culture fluid. In hanging drops of culture fluid survival times in ab- 
sence of oxygen ranged from one to’twelve hours. It appeared (as 
already shown by Piitter (1905)) that Paramecium from well-fed, 
flourishing cultures survived the longest. There were considerable dif- 
ferences between cultures of the same clone. However, exposure of a 
hanging drop of culture medium to pure hydrogen or nitrogen leads to 


TABLE II 


The effect of a lack of oxygen on Paramecium caudatum clone D, after segregation 
in test tube in culture fluid without hay. 





M/300 phosphate 
buffer; CO:2-free 
air as control 


Culture fluid; M/300 phosphate 


Medium pure hydrogen buffer; pure Hz 


Experiments on same day: 

Time required for first one to stop 
or blister, in minutes. no visible ad- 

verse effects 

Same for 50 per cent.... ’ a 


Same for last one... ... ae — 
Number of individuals used .... .| 8 12 


| 
| 
| 
| 
| 
| 





Experiments five days later: 

Time required for first one to stop | 
or blister. . . 

Same for 50 per cent 

Same for last one. . noi 

Number of individuals used... . 





a loss of carbon dioxide, with a resulting shift of the hydrogen ion 
concentration far into the alkaline range. Accordingly, pure hydrogen 
was bubbled through some culture fluid and the resulting shift of pH, 
according to measurements kindly made for me with the glass electrode 
by Dr. Marshall E. Smith, was from about 6.2-6.4 to about 8.9-9.0. 
Addition of about 12 mm. partial pressure of carbon dioxide to the hy- 
drogen was sufficient to maintain the culture fluid at about pH 7.1. 
When hydrogen or nitrogen together with this amount of carbon di- 
oxide were passed through the observation chamber, the Paramecium 
survived slightly but significantly longer than without the carbon di- 
oxide (Table I) ; the series of changes leading to death was, however, 
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the same. In these experiments no purification of the carbon dioxide 
was undertaken, but the connection bewteen the carbon dioxide cylinder 
and the apparatus was entirely of glass, lead tubing, and deKhotinsky 
cement, and the pressure was regulated by a double water trap of such 
a nature as to prevent backward diffusion of oxygen. The manufac- 
turers of the carbon dioxide stated that the oxygen content of their 
cylinders varied between two and sixteen parts in ten thousand. The 
oxygen content of the mixed carbon dioxide and nitrogen or hydrogen 
must have been insignificantly low, and experiments with a cylinder 


TABLE III 


The effect of distilled water, as compared with culture fluid, on the ability of 
Paramecium multimicronucleatum to withstand a lack of oxygen. For each gas mix- 
ture two separate hanging drops, with the two media, were suspended from the same 
coverglass. 


Pure Hydrogen CO:-free Air (Control) 


Time — 
Culture fluid | Distilled water 


| Distilled water 


Culture fluid 


minules | 
0 | started 
57 | all very slow 
| 


started 
normal 
movement 


| 

started started 

1 blistered, normal 

| rest very slow movement | 
64 1 blistered, r 
| rest very slow | 
73 all stopped | all stopped 
74 |} 3.5 mm. oxygen admitted 


| rest dead 


3 swimming, 
rest appear 

dead 

2 swimming 
normally, 


3 swimming. 
rest appear 

dead 

2 swimming 
normally, 


| rest dead 


a ————————— 





Number of or- 
ganisms used 15 12 


which had been cleaned out and filled with special care by the manufac- 
turers gave entirely similar results. 

The results obtained in the presence of a reduced redox indicator 
(indigo trisulphonate) in a wash tube in the dark agreed well with those 


@®tained by the hanging drop method. 


In several experiments the puri- 
fied hydrogen was bubbled first through the wash tube with the platinized 
pumice, and then through the anaerobic chamber. In all such experi- 
ments a few individuals survived in the wash tube after all had cytolysed 
in the anaerobic chamber. However, the wash tube contained many 


thousands of individuals, and it is to be expected that out of so many 
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a few would be more hardy. At the time when the majority in the 
anaerobic chamber cytolysed there was a marked decrease in the number 
visible in the wash tube. The longest survival in culture fluid was about 
twelve hours. 

In other experiments the organisms were washed four times with 
M/300 phosphate buffer (Na,HPO,-+KH,PO,) at pH 7.0-7.1, and 
mounted over the anaerobic chamber in this medium. Under anoxic 
conditions Paramecium underwent the same series of changes as in cul- 
ture medium, although the constriction of the anterior end and the 
blistering seemed more sudden and violent. Also it survived for much 
less time in phosphate buffer than in culture fluid; even though in air 


OND 


SEC 


AIR 


CuBIC MICRA PER 


IN 


+ 
> 
a 
r 
> 
° 
3 
w 
. 
< 
« 


20 30 40 
TIME IN MINUTES 


Fic. 1. The effect of pure hydrogen on the rate of output of the anterior 
contractile vacuole of Paramecium multimicronucleatum in a hanging drop of 
dilute phosphate buffer. 


it lived without apparent damage for many hours (in some cases eb- 
servations were extended over two days) in the buffer solution. How- 
ever, if some Paramecium were removed from the culture and placed 
in a test tube with some of the culture fluid but without hay, their ability 
to survive anaerobically in either medium (culture or buffer solution) 
decreased progressively, and after a few days they became fatally sus- 
ceptible to phosphate buffer even when in air. These results are illus- 
trated in Table II. 

In the absence of oxygen Paramecium was found (in a few experi- 
ments) to survive equally well either in culture fluid or in distilled water 
(Table III). However, in M/300 KCl some individuals cytolysed 
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almost instantly in air, and in absence of oxygen the remainder survived 
only a few minutes. 

The contractile vacuoles, both in culture medium and in phosphate 
buffer, continued to function under anaerobic conditions, but finally be- 


e 
Vv 
° 
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Fic. 2. The influence of low oxygen tensions on the rate of swimming of 
Paramectum multimicronucleatum in dilute phosphate buffer. 


came very slow. In two experiments Paramecium was slowed down by 
means of an agar gel just sufficiently viscous to make observation pos- 
sible. The result of one of these experiments is plotted in Fig. 1. 
The stoppage of the contractile vacuoles after a period of lack of oxygen 
was found to be reversible. Contrary to the findings of Frisch (1937), 
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the Paramecium which I used showed normal activity of the contractile 
vacuoles whether they were swimming or stationary. This was true of 
Paramecium in hanging drops of culture medium or dilute buffer in 
contact with air, with or (usually) without agar. I attribute the dis- 
crepancy to the fact that his organisms had been sealed in a vaseline 
ring for many days and were not fully active. 

A series of experiments was made to determine the survival and 
activity of Paramecium multimicronucleatum at low oxygen tensions. 
The rate of swimming of healthy Paramecium in phosphate buffer was 
found, after an initial burst of high activity, to remain reasonably con- 
stant for as long as observations were continued (up to 22 hours). 


TABLE IV 


Recovery of Paramecium caudatum at known oxygen tensions from lack of oxygen, 
in dilute phosphate buffer solution. 





Condition at end of i : ae 
anaerobic period: Condition after admission of oxygen 
number of animals at this tension: number of animals 


Duration of Duration 
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* Movement very slow. 


Accordingly single organisms were acclimatized for 90 minutes in a 
hanging drop of the buffer solution in a stream of moist carbon dioxide- 
free air. After this observations were made of the rate of swimming 
(a) in carbon dioxide-free air, (b) in a known mixture of oxygen and 
hydrogen, and (c) in carbon dioxide-free air. The second period (b) 
lasted usually about two hours. Readings of the time required for the 
organisms to traverse the distance indicated by the ocular scale (2.06 
mm.) were made in groups of twelve, and the mean for each group 
determined. The standard error of the mean time usually lay between 
3 and 5 per cent of the mean value. Results are shown in Fig. 2. 
There was a slowing down of swimming in oxygen tensions below 1 mm. 
Below 0.2 mm. approximately the organisms died, but above this value 
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they slowed down to a speed approximately constant within the duration 
of the treatment; and this effect was reversible. Individual variation 
was such that it did not seem worthwhile to try to determine a detailed 
relation between oxygen tension and rate of swimming. 

In a further series of experiments a group of Paramecium was 
mounted in a hanging drop of the dilute phosphate buffer in the an- 
aerobic chamber, and subjected to anoxic conditions until all had stopped 
and some of them had blistered. Then oxygen was admitted at a known 
partial pressure, and the extent of recovery recorded. Results are 
shown briefly in Table IV. Recovery could be obtained, on admission 
of sufficient oxygen, even after the organisms had begun to blister, and 
in such cases the blisters were gradually resorbed. In many of these 
cases it is certain that if the organisms had been left for another one or 
two minutes without oxygen irreversible cytolysis would have ensued. 
The minimal oxygen tension needed for recovery was of the same order 
as that which was found just to allow swimming in the previous series 
of experiments. 

The effect of cyanide on the secretory activity of the contractile 
vacuoles and on the general activity of the animals was examined briefly 
in three experiments. Single individuals of Paramecium multimicro- 
nucleatum were mounted in a hanging film of river water just sufficiently 
thin to prevent too rapid swimming. . The cover glass was sealed with 
vaseline over a small glass cell half filled with river water, so that 
evaporation from the film was prevented. After a period of examina- 
tion in river water the Paramecium was transferred with the usual four 
washes to a dilute solution of sodium cyanide (M/200, M/1,000, M 
2,000, pH corrected to 7.1) in river water, and the fluid in the cell was 
also replaced by the cyanide solution. This procedure was carried out 
as quickly as possible in order to avoid loss of cyanide, and the examina- 
tion of the organism was continued. After an initial depression of 
activity the vacuoles continued to function regularly although slightly 
less vigorously than in plain river water. The cilia also continued to 
beat actively. Observations were continued in one case for over ten 
hours after the cyanide treatment was begun. 


DISCUSSION 


The majority of workers are agreed that Paramecium at room tem- 
peratures (20-25° C.) can survive for some hours, though not days, 


without oxygen. In view of the indubitable demonstrations of this 


fact, the results of Gersch (1937), who observed almost instantaneous 
death, must be discounted. It seems somewhat questionable whether 
Putter, who (1905) obtained a much longer supposedly anaerobic sur- 
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vival, really achieved strictly anoxic conditions; and it is clear that 
Paramecium can make some use of oxygen at partial pressures below 
1 mm. It also seems doubtful whether Juday (1909) would have de- 
tected oxygen in such low concentrations in the bottom waters of Lake 
Mendota (Wisconsin), where he claimed that Paramecium lived an- 
aerobically. However, it remains possible that Paramecium might be 
found to survive without oxygen for longer periods under experimental 
conditions if it were supplied with suitable food. Slight discrepancies 
between the results of other workers may be ascribed to variations in 
the excellence of the oxygen “lack,” possibly to the use of several 
different species, and particularly to variations in the state of nutrition 
of the organisms. This latter condition was stressed by Piitter (1905), 
and probably accounts for the beneficial effect of stirring the culture. 
There is clearly some adverse influence in phosphate buffer which 
a normal healthy Paramecium can withstand in air, but which success- 
fully operates against a starved Paramecium in air or against a well-fed 


one in absence of oxygen. The constrigtion of the anterior end of the 


organism and the blistering just before death are probably the result 
of a violent contraction of the myonemes. They were found to occur 
even when the organism was in M/20 lactose solution, and it is there- 
fore unlikely that they can be attributed to osmotic uptake of water by 
the organism. A somewhat similar effect has been seen in Paramecium 
subjected to an electric current (see Kalmus, 1931). The phosphate 
buffer, either directly or indirectly, hastens the time for the myoneme 
contraction. It seems probable that the harmful effect of this buffer is 
due to a lack of balance of ionic concentrations, although this matter has 
not yet been investigated in detail. 

Whereas cyanide in very low concentration inhibits the action of the 
contractile vacuoles of peritrich ciliates (Kitching, 1936), it has no very 
marked effect on those of Paramecium. The prolonged anaerobic ac- 
tivity of Paramecium might account for this. However, according to 
the results of various workers, at least a considerable part of the respira- 
tion of Paramecium must be insensitive to cyanide. Gerard and Hyman 
(1931) found that substitution of phosphate buffer for a calcium-con- 
taining water approximately halved the rate of oxygen consumption, 
but addition of cyanide made no further difference. The persistence of 
vacuolar activity in the presence of cyanide harmonises with the view 
that the respiration of Paramecium is relatively insensitive to this 
substance. 

Paramecium is able to continue swimming, or to recover from a lack 
of oxygen, at oxygen tensions down to 0.3 mm. However, it is possible 
that higher tensions may be needed for growth and prolonged survival. 
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Amberson (1928), by a not very delicate method, obtained results which 
suggest that the respiration of P. caudatum is depressed slightly at 
tensions of oxygen below 50 mm. 

A comparison of the results obtained with Paramecium and with 
other Protozoa will be made in another paper. 
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SUMMARY 


1. Paramecium multimicronucleatum and P. caudatum were sub- 
jected to pure hydrogen, pure nitrogen, and known mixtures of hydro- 
gen and oxygen, while in a thin hanging drop under microscopical 
observation. 

- 2. In all cases there was a limited period of anaerobic survival, dur- 
ing which activity of swimming and of contractile vacuoles was gradu- 
ally diminished. Finally the organisms stopped, blistered, and cytolysed. 

3. Admission of sufficient oxygen, even after blistering had begun, 
gave recovery. 

4. Survival under anoxic conditions was best in culture fluid main- 
tained at a reasonable hydrogen ion concentration by the addition of 
small quantities of carbon dioxide to the hydrogen or nitrogen. Under 
these conditions some organisms survived as long as twelve hours. 

5. Paramecium was extremely variable as regards the length of 


anaerobic survival in any one medium. This variability is ascribed to 


physiological condition and not to genetic factors. 

6. Survival under anoxic conditions was much shorter in dilute phos- 
phate buffer than in culture medium. This is tentatively ascribed to a 
lack of balance of ionic concentrations. 

7. In phosphate buffer the rate of swimming was reduced at ten- 
sions of oxygen below 1 mm., and the organisms died within a short 
time at tensions below 0.2 mm. At tensions above 0.3 mm. some 
measure of recovery from lack of oxygen could be obtained. 
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DARK ADAPTATION AND REVERSAL OF PHOTOTROPIC 
SIGN IN DINEUTES 


J. E. G. RAYMONT 


(From the Biological Laboratories, Harvard University) 


INTRODUCTION 


\nimals which exhibit orientation and directed movement with re- 
spect to a light source are said to be positively or negatively phototropic, 
according as they move towards or away from the source. Under cer- 
tain conditions, a change of phototropic sign may occur, e.g. an animal 
which normally moves towards the source will move from it. Among 


the more important factors which have been shown to produce such a 
reversal of phototropic sign are: difference in absolute light intensity, 
change of light intensity, temperature, pH, and some chemical sub- 
stances. The possible effect on phototropic sign of the degree of dark 
adaptation, however, has been largely neglected. Crozier and Wolf 
(1928) demonstrated the effect of dark adaptation on the strength of 
phototropism in Agriolimax and more recently Wolter (1936) has re- 
ported that some specimens of Carcinus maenas show a change of photo- 
tropic sign with dark adaptation. Since Clark (1931, 1933) demon- 
strated the process of dark adaptation by means of phototropic reactions 
for the “ whirligig beetle” (Dineutes assimilis), it was decided to use 
this beetle in testing for the possible effect of dark adaptation on the sign 
of phototropism. 


MATERIAL AND METHODS 


The animals used in these experiments were of the species Dineutes 
horni,’ and were collected from Fresh Pond, Cambridge, Massachusetts. 
They were kept in an aquarium in a lighted room, and were fed on pieces 
of fresh meat and fish, floated on wood. 

The eye in Dineutes is divided into dorsal and ventral parts on each 
side, and the phototropic responses were compared when the whole, and 
when only part of each eye was functional. Blinding was effected by 
blackening the surface of part of the eye with asphaltum varnish. 

In each experiment the beetle was first light-adapted and was then 
left for the desired period in a covered vessel of water. Following this 

11 am indebted to Mr. C. Parsons of Harvard University for the identification 
of this species. 
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period in darkness the phototropic reaction was observed by allowing the 
animal to crawl on a dry, horizontal test-plate of ground glass. This 
was illuminated from one side by a diverging beam of light emanating 
from a slit (14%” & 34”) covered by a ground glass plate, behind which 
a shielded 100-watt lamp was set. The test plate was level with the 
bottom of the slit and rested on a dull black surface. A little light was 
diffusely reflected up from the surface of the test plate but the greater 
part of the light reached the insect directly from the horizontal beam. 
The light intensities at the two ends of the test plate were 1.8 and 0.6 f.c. 
respectively.2, The path taken by the insect was followed with a pencil, 
and marked directly on the plate. This did not appear to disturb the 
beetle. 

Light adaptation was effected by placing the beetle, in water in a 
glass cell (2%4” « *4”) for 20 minutes, in the path of a beam of light 
from a 500-watt projection lamp. A strongly-reflecting surface at the 
“darker end ” of the cell ensured fairly uniform lighting. Intensity of 
adapting light was 4,800 f.c.2 Heating was avoided during the light 
adaptation period by interposing heat-absorbing filters. 

At the beginning of each experiment, the beetle was placed by means 
of a piece of stiff paper at approximately the centre of the test plate. 
It was not headed precisely in any special direction, as earlier experi- 
ments had shown that the animal oriented immediately, irrespective of 
the direction in which it was placed. 


OBSERVATIONS 

With all eyes functional, a strong, positively phototropic response 
was invariably obtained, whether the animal was light- or dark-adapted. 

When any two, or when only one of the four eyes * was functional, 
a negative response was obtained if the beetle were dark-adapted. If 
only one eye was blackened the animal was photopositive. In the great 
majority of experiments, either the two upper, or the two lower eyes 
were covered. This avoided any complications, such as possible circus 
movements (cf. Clark). 

It was often impossible to carry out all the experiments, with the 
various combinations of eyes, on the same individual, but the behavior 
was sufficiently constant to combine the results obtained from different 
animals. (A very few individuals were found in which the photo- 
tropic reactions were irregular. ) 

2 Light intensities were measured with a Macbeth Illuminometer, using dense 
filters for the highest intensities. 


_ 8 To obviate needless repetition, the upper and lower halves of the eyes are 
simply referred to in the results as upper and lower eyes. 
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The results of experiments with (a) two upper eyes only functional 
and (b) two lower eyes only functional were similar. The beetles were 
always positively phototropic when they were light-adapted. They were 
usually still positively phototropic after dark adaptation of less than 
two hours duration, but became negatively phototropic after dark adap- 


L 


1 
Fic. 1. Tracings of paths followed by Dineutes (Individual X) May 19, 
1938, in 8 successive trials after dark adaptation for seven hours. The upper eyes 
were functional. The numbers refer to the order of trials. JL. indicates light 
source. 


tation of more than two hours duration. However, the actual period 
of dark adaptation necessary to bring about the change in phototropic 
sign showed considerable individual variation; in a very few cases, 
even one hour was sufficient. 

A beetle which had been dark-adapted for a period sufficient to be- 
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come negatively phototropic would show a reversal to the original posi- 
tive condition as it became partially light-adapted. This was shown as 
follows. A beetle, after dark adaptation for many hours, was tested 
repeatedly in the beam. The responses exhibited at first were all photo- 
negative, but the sign of phototropism became reversed after a certain 


L 


1 2! 


Fic. 2. Tracings of paths followed by Dineutes (Individual B) December 15, 
1937, in 11 successive trials after dark adaptation for twelve hours. The upper 
eyes were functional. No “run” was obtained in Trial 9. 


amount of light adaptation had been brought about by the light from 
the test beam itself. Subsequently, all further responses were con- 
sistently photopositive. 

This reversal of phototropic sign with light adaptation was also 
observed, while avoiding the repetition of trials. A fully dark-adapted 
beetle was tested once to demonstrate the negatively phototropic reaction. 
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It was then left in the test beam, surrounded by a small glass cell, until 
the light effected a sufficient degree of light adaptation. A single new 
trial then showed the beetle to be positively phototropic. 


L 


x 


Fic. 3. Tracings of paths followed by Dineutes (Individual V) 


May 20, 
1938, in 7 successive trials after dark adaptation for seven hours. The lower eyes 


were functional. 
It was obvious that a considerable period of exposure to darkness 


was necessary to elicit the negatively phototropic reaction. Experiments 
were next carried out to test the possibility that with all eyes functional, 
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a very prolonged period in darkness might cause a reversal of photo- 
tropic sign. The results of these experiments, with seven individuals, 
showed that reversal cannot be brought about by 24-65 hours of dark 
adaptation, if all eyes are functional. 

If the two upper or the two lower eyes were blackened but a very 
few ommatidia of one of these eyes were left exposed, the beetle re- 
mained photopositive when fully dark-adapted. On completely cover- 
ing the eye, the beetle, when dark-adapted, became negatively phototropic. 

A few experiments were carried out with any three eyes blackened, 
and other experiments in which one upper eye and one lower eye of 
the opposite side were blackened. Such experiments, with any two 
or any three eyes covered, always showed that the dark-adapted beetles 
were negatively phototropic, and that light adaptation caused a reversal 
to positive phototropism. 


TABLE [| 


Change in the direction of phototropic path followed by Dineutes (Individual V), 
in 7 successive trials, consequent upon light adaptation. The animal was first dark- 
adapted for 7 hours. The lower eyes were functional. 

Angle of Deviation 


Trial from Normal 
Positive Path 


degrees 


Exact time of each trial, since beginning of exposure to test light was not re- 
corded. 


On the orthodox Loebian view, it would be expected that on re- 
peatedly testing an originally fully dark-adapted beetle, a number of 
photonegative trials would be first obtained, and then, if a reversal 
of sign occurs with light adaptation, a sudden and complete change to 
positive phototropism would be observable. It was actually found, 
however, that an incompletely light-adapted beetle pursued a path at an 
angle to the light beam. If the direct negative response may be re- 
garded as a deviation of 180° from the positive path, then with exposure 
to light, the angle of deviation gradually diminished until it approached 
O° (i.e. the beetle was again positively phototropic). 

It was possible to obtain such records from several individuals, and 
to repeat the observations on the same beetle. Although the actual 
paths (Figs. 1-3) were not straight, and in spite of some irregularities 
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TABLE II 


Change in the direction of phototropic path followed by Dineutes (Individual B), in 
6 successive trials, consequent upon light adaptation. The animal was first dark- 
adapted for 12 hours. The upper eyes were functional. 
Total Time Angle of Deviation 


Trial of Exposure from Normal 
Number to Test Beam Positive Path 


minules degrees 


” 


(no “run” obtained) 


in respect of angle, in general the results showed a surprisingly con- 


sistent trend. 
The time required for complete reversal of phototropic sign varied 
from < 10 to > 30 minutes. It is believed that a rough estimate of 


TABLE III 
The effect of dark adaptation on the direction of phototropic path in Dineutes (Individual 
V). The lower eyes were functional. 
Result of Single 
Trial in Test Beam: 
Time in Dark Angle of Deviation 


Following Standard from Normal 
Light Adaptation Positive Path 


minules degrees 
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the course of light adaptation can be obtained by measuring the suc- 
cessive deviation angles (Table 1). 

Table II shows an experiment conducted on a beetle which was dark- 
adapted for a longer period. ‘The total duration of exposure to light 
from the test beam since the beginning of the experiment was also re- 
corded for each trial. 

If these results do really indicate the course of light adaptation, it 
should be possible, using similar methods, to follow the course of dark 
adaptation. To test this possibility, a number of experiments were 
carried out using different periods of dark adaptation. In each experi- 
ment the animal was first light-adapted by means of the usual adapting 
light for 20 minutes. It was then dark-adapted for a given period, and 
a single trial made in the test beam. By using various periods of dark 
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adaptation a number of trials were obtained, and the results (e.g. Table 
III) showed that with progressively longer periods of dark adaptation, 
the paths pursued showed an increasingly greater deviation from the 
positive path. An approximate dark-adaptation curve has been con- 
structed from these data (Fig. 4) for one individual. 

The possibility that the change in the paths pursued might be caused 
by the repeated disturbance of the beetle when replacing it at the centre 
of the test plate was investigated. The test plate was constantly moved 
in such a way that a beetle which had been originally fully dark-adapted 
was kept in the beam without being replaced. The animal at first 
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Fic. 4. Progressive deviation from the normal positively phototropic path 
during reversal of phototropic sign with dark adaptation, in Dineutes horni (In- 
dividual V). (The lower eyes were functional.) 


moved from the light source, but with continued exposure it turned 
gradually towards the source until it reached the edge of the test plate. 
The changes in path are therefore not the result of disturbance, but do 
depend on the degree of adaptation. 


DIscuSSION 


McIndoo (1929) states that Schmitt-Auracher believed there was 
a relationship between the state of adaptation and pigment deposition 
in insect ocelli and the sign of phototaxis. In the present observations 
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on Dineutes, a reversal of phototropic sign could never be obtained when 
all four eyes were functional, but if amy two, or any three, eyes were 
blackened, the fully dark-adapted beetles were always negatively photo- 
tropic. The difference in behavior may depend upon the area of photo- 
sensitive surface stimulated. Although one cannot compare human, 
subjective sensations with animal tropisms, it is interesting that experi- 
ments on the intensity discrimination of the human eye have shown 
that the use of a small test field of high intensity may cause uncom- 
fortable glare and even pain, while with a larger test field of the same 
average intensity, vision is normal. 

When only partially light- (or dark-) adapted, Dineutes, with only 
two eyes functional, moves at an angle to the light beam. Radl, Car- 
penter, and especially Dolley (1916) and Clark (1931 and 1933) have 
discussed movement of phototropic insects at an angle to a beam of 
light, but in all such cases only one of a pair of symmetrical eyes was 
functional, and deviation might be then expected. Clark supposed that 
light from the direct beam, and light from the background acted on 
the functional eye. But in the experiments described, with both upper, 
or both lower eyes functional, light from both background and beam 
should act equally on the two sides, and therefore, according to Loeb, 
the insect should move directly to or from the source. Indeed, Clark 
states that if in Dineutes both upper or both lower eyes are blackened, 
the beetle moves straight towards the light. But in Clark’s experiments 
the beetles were consistently photopositive, and provided D. horni is 
strongly positively phototropic, it moves straight to the source also. 

Mast (1938) has shown that the phototropic reflexes in insects vary 
according to the region of the eye stimulated. In Dineutes, according to 
Clark, the posterior ommatidia are much more sensitive than the anterior 
ommatidia. Possibly then, during reversal of phototropic sign with 
light adaptation in D. horni, some of the ommatidia become light-adapted 
more rapidly and give rise to reflexes which are opposed by the less 
sensitive ommatidia. Morphologically symmetrical ommatidia also may 
not adapt at exactly similar rates, and therefore photochemical reactions 
will proceed at different rates on the two sides during partial adaptation, 
and a deviation would result. When all ommatidia are fully adapted, 
the beetle will move straight to the source.* 

Although an exact explanation must therefore await further work, 
it is obvious that the simple Loebian theory will not account for the facts 
here presented. Light must act in a more complex manner, and among 

4 Some recent experiments on the related genus, Gyrinus, have shown that even 
with all eyes functional, a positively phototropic beetle, when it is fully dark- 
adapted, may pursue a path deviating widely from the normal straight photopositive 
path. 
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other factors, the phototropic responses must depend to a considerable 
extent upon the region of eye stimulated, as Mast has repeatedly 
emphasized. 


SUMMARY 


1. When all eyes are functional, Dineutes horni is positively photo- 
tropic after dark or light adaptation. 

2. With one or with two eyes functional, Dineutes is positively 
phototropic when light-adapted, but is negatively phototropic when fully 
dark-adapted. 

3. At intermediate stages of dark and light adaptation, the beetle 
moves at an angle to the light rays. The courses of dark and of light 
adaptation were followed by a study of these “angles of deviation” 
from the incident rays. 

4. Possible theories are discussed to account for these results. 
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MODIFIED SEXUAL PHOTOPERIODICITY IN COTTON- 
TAIL RABBITS * 


THOMAS HUME BISSONNETTE AND ALBERT GEORGE CSECH 


(From the Shade Swamp Sanctuary, Farmington, Connecticut) 


INTRODUCTION 


Studies too numerous to cite here show that the sexual cycles of many 
birds and mammals and of some fish and reptiles can be modified and 
their breeding seasons changed by manipulating daily cycles of exposure 
to light. Not all are susceptible in the same way nor to the same degree 
(Bissonnette, 1936, 1938; Marshall, 1936, 1937). 

The development of proper methods of conservation and wild life 
management require knowledge as to what wild animals have photo- 
periodic breeding cycles and how they react to management of light- 
cycles. Breeding seasons of some animals have been prolonged to per- 
mit two litters per year in place of one, with better than normal growth 
of early-induced litters (Bissonnette and Csech, 1937, 1938, 1939). 

The cotton-tail or gray rabbit of New England (Sylvilagas transi- 
tionalis (Bangs) ) is shot for sport and food, furnishes food for fur- 
bearing carnivores, and may injure fruit trees in some places and sea- 
sons. It exhibits a limited breeding season with three or four litters, 
beginning about mid-April. It is, therefore, more polyoestrous than 
most of the animals so far investigated and intermediate between strictly 
monoestrous or dioestrous and completely polyoestrous forms. It, 
therefore, has been tested by “ night-lighting ” in autumn and winter. 


MATERIAL AND METHODS 


Three pairs of cotton-tails were placed, each in a wire enclosure 
raised from the ground, with wooden “den” at one end. In each den 
a few inches of earth were covered with loose dry grass about 
two inches deep for bedding. Twenty-five-watt bulbs were so placed 
as to shine into both den and enclosure and controlled by a time switch 
so that lights were lit for one hour each night for the first week, begin- 
ning on October 10. “ Night-lighting” was increased one hour each 


1 Aided by grants from the National Research Council, Committee for Re- 
search in Problems of Sex, 1935-8, and from the Penrose Fund, American Phil- 
osophical Society, 1938-9, and by codperation and animals from the State 
Department of Fish and Game, Connecticut. 
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ten days thereafter to eight hours on December 17 and maintained into 
February, and, in one case, into April. Lights came on each evening 
at six o'clock. All pens were outside, without heating, except from the 
bulb, throughout the experiment. Feeding and care were similar for all 
rabbits at the sanctuary. 

Replacements were made without altering schedule when animals 
killed one another and the exact lighting history of each animal recorded. 
The gonads of killed animals were secured for histological study. But 
none were sacrificed expressly for such material, because our experience 
with raccoons and the behavior of these rabbits suggested that matings 
would lead to litters out of season. Sex-organs were obtained also from 
unlighted males on December 8 and January 25 for comparison with 
those of a male killed by his mate, January 12, after night-lighting eight 
hours each night from December 20. 


OBSERVATIONS AND RESULTS 


After varying periods of lighting and after matings, two experi- 
mental females killed their original mates by biting them through the 
back. One male killed his mate by grasping her anal region with his 
teeth and pulling out her abdominal organs which became useless for 
study. Replacement of males may account for failure of matings to 
induce pregnancy in December and again beginning on January 5. Con- 
trols also mated somewhat later in December and about January 10, all 
without pregnancies. Bissonnette’s studies on male ferrets indicate that 
willingness to mate antedates potency and fertility by a considerable 
time. This was probably true here also. 

After matings in January, two experimental females made nests and 
one lined hers with fur to receive young that failed to come. No con- 
trol did so then, nor until near littering time in April. 

The first “ experimental ” litter (of two) was born on April 4 and 
died April 10, from exposure. The nest was not heated and the mother 
left it for long periods. On May 31 and June 30 she produced second 
and third litters (of one and six) which survived. The first “ control ” 
litter came on April 18 and all six died of exposure. None of the other 
experimental or control females had litters before June 8, although the 
above-mentioned control female mated again the day her litter was born 
and others probably did so too. In that season no controls had litters 
live through. They normally should have had litters every thirty days 
after mid-April. It was a poor rabbit-breeding season, for reasons as 
yet unknown. Experimentally lighted animals succeeded slightly better 
than controls on normal light. 

A male, used for replacement on December 20, lighted eight hours 
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each night until killed by his mate on January 12, had mated about Jan- 
uary 5-7 with her. His testes showed sperms just metamorphosed in 
small numbers in some tubules but none had yet reached the middle part 
of the epididymis. The apparent breeding condition of this epididymis, 
with tall columnar epithelium and well developed ciliary processes, in- 
dicates functional activity of the interstitial cells of the testis and ac- 
counts for sexual libido and matings. 

Much smaller testes from the control of December 8 showed smaller 
tubules with no stages of germ-cells beyond synizesis. Its epididymis, 
in a partly activated, partly regressed condition, suggested some activity 
of interstitial cells, which may account for December and January mat- 
ings of controls. Its epithelium was short columnar with some ciliary 
processes, less developed than those of the lighted male. 

Testes from the January twenty-fifth control were slightly more 
advanced in spermatogenesis than those of December 8. Its most ad- 
vanced stages were synizesis and a few growing primary spermatocytes. 
No germ-cell debris was found in the middle part of the epididymis 
which was more regressed than that of December 8. Its lining epi- 
thelium was more nearly cuboidal, with no ciliary processes evident. 


CoNCLUSIONS 


Increasing night-lighting induces cotton-tail rabbits to undergo sexual 
activation in winter. In males, it leads to complete libido and sperma- 
togenesis in twenty-three days at January 12, on eight hours of added 
light from December 20. It would probably induce complete breeding 
effectiveness in little longer time. In females, it induces repeated re- 
ceptivity followed by nest-making and even lining of nests with fur. 

December and January matings do not alone indicate increased sexual 
activation, for controls on normal light reacted similarly. Killing of 
mates is not attributable to added light; but rather it was permitted by 
the close confinement’s preventing escape from an aggressor. Making 
and lining of nests in January, not done by controls at that time, sig- 
nify activation above the normal for that time, and suggest pseudo-preg- 
nancy after winter copulations. 

Even if litters can be born under the conditions of temperature pre- 
vailing in these experiments in winter, they cannot be raised by their 
mothers, even in their fur-lined nests. The mothers do not keep the 
nests warm, as do raccoons, but leave them closed for long periods, re- 


turning only at intervals to suckle the young, born naked and defenseless 
against cold. It is suggested, however, that, with warmed nesting places, 
the long absences of the mother may not permit the young to die nor 
prevent the raising of litters in winter. In addition, by arranging run- 
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ways so that males and females can have separate dens and can be sepa- 
rated after matings by a wire screen which permits them to remain ac- 
quainted without being able to kill each other, the same pairs may be 
kept on the lighting schedule and make winter breeding successful. 
Further experiments along these lines seem to be indicated. 


SUMMARY 


1. Three pairs of cotton-tail rabbits were confined in dens and run- 
ways and subjected to increased lighting at night from October 10 on- 
ward. Controls were not lighted but fed similarly. 

2. The original objective, induction of winter litters, was not at- 


tained because, after varying times of lighting, one member of the pair 


killed the other and replacements were made on schedule. 

3. Sex organs of males were modified to complete sperm formation 
in twenty-three days in December and January and mating libido 
reached, accompanied by breeding conditions of the epididymis. Con- 
trols showed mating libido but no spermatogenesis nor epididymal ac- 
tivation. 

4. Lighted females mated and made nests; and one lined its nest 
with fur. Controls mated but made no nests. No pregnancies resulted 
with any female until April. 

5. The induced changes indicate that these rabbits can be brought 
into breeding condition in winter by increased lighting, but modification 
of the method used and the provision of warmed nest-boxes are neces- 
sary for successful winter breeding and rearing of these animals. 
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THE LIFE CYCLE OF DACTYLOMETRA QUINOUECIRRHA, 
L. AGASSIZ IN THE CHESAPEAKE BAY! 


ROBERT A. LITTLEFORD 


(From the Chesapeake Biological Laboratory, Solomon’s Island, Maryland) 


INTRODUCTION 


The common jellyfish or sea nettle of the Chesapeake Bay is the 


large scyphozoan medusa Dactylometra quinquecirrha, L. Agassiz. This 


species is a coastal form occurring in tropical and temperate seas 
throughout the world. In the Chesapeake Bay, as in other brackish 
water areas (Mayer, 1910; Menon, 1930), it is accompanied by a color- 
less, milky-white medusa which lacks the pigmented areas of Dacty- 
lometra. 

The primary object of this study has been to elucidate the problems 
presented by the white medusa, which becomes sexually mature in a 
growth stage having twenty-four marginal tentacles, thus answering the 
taxonomic description of the genus Chrysaora of Eschscholtz. Certain 
workers, including Bigelow (1880), have considered the white medusa 
a member of the genus Chrysaora, on a basis of the sexually mature 
form, possessing twenty-four marginal tentacles. Mayer (1910) con- 
siders this medusa to be a growth stage of Dactylometra quinquecirrha, 
the so-called “‘ Chrysaora-stage,” believing that the premature develop- 
ment of the gonads is the result of the brackish water conditions. More 
recently Papenfuss (1936) has considered this white medusa to be a 
variety of D. quinquecirrha and named it chesapeakeii. 

The literature on the life cycles of these two forms is limited to 
brief and scattered observations by Mayer (1910), Stiasny (1919- 
1921), Papenfuss (1934), and Truitt (1934). For this reason an in- 
vestigation of the complete life cycles of the red and the white medusae 
was undertaken. The results obtained from this investigation are 
presented at this time. 


PROCEDURE 


The organism was reared from the egg stage to the medusa under 
controlled conditions, and the data obtained in this way were supple- 


1 Contribution number 31 from the Chesapeake Biological Laboratory. Part 
of a thesis presented to the Faculty of the Graduate School of the University of 
Maryland in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy. 
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mented by observations in nature. Fertilization was obtained in the 
laboratory (1) by crowding sexually mature males and females to- 
gether in a small container, and (2) by placing segments of the ripe 
gonads in fingerbowls 4 by 10 cm. in size and partly filled with brackish 
water. 

The data reported in this paper are based on observations on be- 
tween two and three thousand individual scyphostomae, about five hun- 
dred of which have been reared through four successive years. About 
one thousand additional embryos were followed to the scyphostoma 
stage. 

The embryonic material was reared in a basement room of the lab- 
oratory, where changes in temperature and light were comparatively 
slight, though not controlled. The temperature of the water in the 
fingerbowls varied between 20 and 24° C. The lighting was indirect, 
light entering the room through a small window just below the ceiling on 
the eastern wall. 

Scyphostomae were reared in the laboratory by placing a finger- 
bowl in a battery jar of three-liter capacity partly filled with bay water. 
Others were reared in fingerbowls placed overboard under natural con- 
ditions in nearby waters and protected by wire cages measuring 24 < 9 
< 9". The wire was of hardware screen measuring eight strands to 
the inch. Each cage, containing five bowls held in a wooden rack, was 
lowered to the bottom in eight or ten feet of water in a protected cove 
near the laboratory. 

The water containing the free developing embryos was changed daily 
by pipetting out a part of it and refilling the jars with fresh brackish 
water, whereas the water on the attached forms was changed weekly. 
The larvae were fed daily on material gathered by means of plankton 
tows, and on small pieces of oyster. 

The embryonic material was studied by using hanging drops and 
depression slides, which made it possible to follow development of a 
single egg or group of eggs up to and through the planula stage. Ma- 
terial intended for cytological or histological examination was fixed in 
standard solutions of Kaiser’s., Bouin’s, Flemming’s, or Zenker’s fixa- 
tives and stained according to standard methods. Iron hematoxylin and 


Mallory’s triple stain as given by Galigher proved to be particularly 
effective. Chloral-hydrate-menthol was most satisfactory for anes- 
thetizing the scyphostomae. 


OBSERVATIONS 


Mature males and females of D. quinquecirrha may be recognized 
on a basis of the color of the gonads, which in the males are bright pink 
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and in the females grayish brown or yellowish brown in appearance. 
The egg is a colorless cell with a prominent nucleus. The mature egg 
(Fig. 2), which is yellow in color, resulting from the filling of the cyto- 
plasm with yolk material, varies in diameter from 0.07 to 0.19 mm., 
with an average diameter of 0.15 mm. The spermatozoa are developed 
in sacs (Fig. 1), many of which are found in a single gonad. These 
sacs show great variation in size and shape. 

The eggs are released from the gonads into the stomach cavity and 
fertilization takes place either there or externally. Numerous laboratory 
observations strongly suggest that fertilization occurs in the stomach 
cavity. This is substantiated by the collection of fifty-one females 
bearing embryos in the gastric cavity. 

The relationship between the initiation of development and the time 
of day is shown in Table I, which is based on 710 cases. These results 
are supported (1) by the collection, between eight and nine o’clock in 
the evening, of females having eggs in the first and second cleavage 
stages, and (2) by the collection before ten o’clock the next morning of 
females bearing gastrula and planula stages in the gastric cavity. 


TABLE I 


Time of Fertilization 


Time | Number Time 
3:00-6:00 p.m. | 0 9:00-10:00 p.m. 
6:00-7:00 p.m. 2 10:00—11:00 p.m. 
7:00-8:00 p.m. 124 11:00-12:00 p.m. 
8:00-9:00 p.m. 329 after 12:00 p.m. 








The fertilized egg (Fig 3), which is distinguished by the presence 
of a distinct membrane, may divide immediately or it may remain quies- 
cent for six or seven hours after fertilization. The first sign of de- 
velopment is the elongation of one end of the egg (Fig. 4), producing 
a prominent, knob-like protrusion (Fig. 5). This knob, the function 
of which is unknown, is resorbed prior to the first cleavage, which oc- 


EXPLANATION OF PLATE I 
Photomicrographs from living material. 


Fic. 1. Section of gonad of male medusa showing sacs containing sper- 
matozoa. X 146. 

Fic. 2. Section of gonad of female medusa showing mature and immature 
eggs. X 146. 

Fic. 3. The fertilized egg. X 182. 
Fic. 4. Elongation of the fertilized egg. X 182. 
Fic. 5. Knob-like protrusion of fertilized egg. X 95. 
Fic. 6. The two-celled embryo. X 146. 
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curs a little less than one hour after fertilization. The two-celled 
embryo (Fig 6) divides almost immediately to form four equal blasto- 
meres (Fig. 7). At the end of three or four hours, under laboratory 
conditions, a third cleavage results in an embryo of eight equal cells. 
Succeeding divisions result in the formation of a blastula in about ten 
or twelve hours. During these cleavage stages the fertilization mem- 
brane, which surrounded the egg and embryo during early segmentation, 
is lost. The cells on one end of the blastula now invaginate and a 
free-swimming planula develops within sixteen to twenty hours after 
fertilization. 

No provision is made for the protection of the developing embryo, 
such as the pockets on the oral arms of Aurellia. The rate of develop- 
ment of the embryonic stages shows great variation among individuals 
as well as with the external factors of the environment. A more de- 
tailed discussion of the stages of cleavage and gastrulation is to be 
presented in a subsequent paper. 

The planula (Fig. 8) is at first round or oval in shape, but within 
two or three hours it adopts a definite pyriform outline. The first sign 
of movement in the planula is a regular rotation that is observed at the 
end of twenty or twenty-four hours. This is produced by the action 
of cilia which are developed by certain cells of the ectoderm. After 


adopting the pyriform outline, the planula moves through the water by 


means of a fringe of cilia confined to the cells of the periphery. Move- 
ment is rapid and the direction is changed continuously. The broad end 


is always directed anteriorly. 


THE SCYPHOSTOMA 


Completing its free-swimming existence after a period varying from 
three to five days, the planula becomes attached to some object, and is 
then known as the scyphostoma or hydra-tuba. The larva thus formed 
has a “ninepin” shape. In the process of attachment, the cells of the 
anterior region secrete an adhesive substance which forms a disc sur- 
rounding the stalk of the polyp. 

The scyphostoma stage of D. quinguecirrha follows the general pat- 
tern of the group and lends support to the statement of Fowler (1900) 


EXPLANATION OF PLATE II 
Photomicrographs from living material. 
The four-celled embryo. x 165. 
The planula previous to adopting a pyriform outline. X 165. 
Scyphostomae having three to seven tentacles. X 26 
Schyphostoma having eight tentacles. X 66. 
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that the scyphozoan polyp is insignificant in size and monotonous in 
structure. The adult scyphostoma, which has sixteen or, rarely, twenty 
tentacles, shows three clearly defined stages of intermediate development, 
having four, eight, and twelve tentacles respectively. This fact prob- 
ably explains the observations of Mayer (1910) that reproduction was 
through a scyphostoma stage having normally four tentacles, and of 


Stiasny (1919) that the number of tentacles was eight. 


Development 


Immediately after attachment, the oral region shows a great pro- 
liferation of endodermal cells resulting in the formation of the oral cone. 
Chis development, in turn, stretches the ectodermal layer and changes 
the mouth from a small almost invisible slit into a wide, vawning open- 
ing. This process is completed in from one to three hours after at- 
tachment. ‘The sides of the oral cone become secondarily cleft to form 
a cruciform mouth. 

lhe tentacles are produced singly and arise as wart-like evaginations 
from the region of the body surrounding the mouth. .\t the end of five 
days, the seyphostoma has four primary tentacles (Fig. 9) developed in 
the perradii of the body. Alternating with these tentacles, there arise 
four taeniolae, or ridges of the ectoderm, projecting into the stomach 
cavity in the interradial axes. 

\ circular depression appears on the upper part of the larva on the 
sixth day, marking off the oral cone from the bases of the tentacles 
Several days later four deep depressions, the septal funnels, appear in 
this furrow just above the taeniolae. At the end of ten days a seyphos- 
toma with eight tentacles (lig. 10) is produced as the result of the 
formation of four secondary tentacles in the four remaining interraduii. 
lhe seyphostoma continues to increase in size, and at the end of fifteen 
days, eight more tentacles have been developed in the adradii of the 
I 


ig. 11) \Ithough the typical number of tentacles is sixteen, 


‘ss 


polyp | 


occasionally an individual which has developed twenty tentacles will be 


noted. Chis, however, is a rare exception. 


EXPLANATION OF PLATE III 
Photomicrographs from living material. 


Oral view of scyphostoma having sixteen tentacles. 

Lateral view of scyphostoma showing the pedal discs. 

Colony of scyphostomae. x 10. 

Apical view of the strobila. X 26. 

The ephyra immediately after being released. X 46 

Contracting ephyra showing the cruciform mouth, the heavy nema 
regations, and the beginning of the gastric cirrha. X 119, 
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In typical specimens, the scyphostoma has reached complete develop- 
ment by the middle of August, although longer periods are required for 
certain individuals. The only observed change taking place from Sep- 
tember until the following April or May is a slight increase in size. The 
scyphostoma then becomes bright pink in color and begins to undergo a 
process of transverse fission known as strobilization. 

\fter strobilization is completed, the remaining scyphostoma, which 
is about one millimeter in height, has a small cruciform oral slit, sur 
rounded by sixteen normal-size tentacles produced before the ephyral 
dises were released. It may be distinguished from those scyphostomae 
which have not undergone strobilization by (1) the small mouth opening, 


(2) the short and broad appearance of the body, and (3) the crater-like 


mouth area in contrast to the normal oral cone. This old scyphostoma 
regains its normal appearance in from five to seven days. The following 
spring it again undergoes strobilization, producing the typical number of 
ephyrae. 

\ssociated groups or colonies of scyphostomae (lig. 13) are a 
regular occurrence in PD). qguinguecirrha. Such colonies, consisting of 
seven or eight individuals ranging in height from one to four miulli- 
meters, are produced by means of (1) stolons, (2) buds from the stalk 
of the parent scyphostoma, and (3) development of scyphostomae from 
the pedal discs. The pedal dises (Fig. 12) are formed as a result of 
movement of the scyphostoma from place to place, in the course of 
which it leaves behind on the substrate a protoplasmic disc. The 
groups of polyps developed from these dises may be either linear or 
irregular in formation, depending on the movement of the “ parent” 
scyphostoma. The colonies formed either by means of buds from the 
stalk or by means of stolons are irregular in arrangement because of the 
irregular development of buds and stolons. 

During the course of this study, it was observed that certain culture 
dishes in open water no longer contained scyphostomae. Instead, the 
bottom surface was covered with small, brownish, wart-like cysts. In 
one case (December, 1935) 51 cysts were counted and their positions 
marked on the culture dishes. The following February, 21 cysts had 
disintegrated, while normal scyphostomae had developed in the remain- 


ing 30 cases. In November, 1937, several culture dishes containing 


cysts were brought into the laboratory. ‘The cysts in these dishes were 


kept under constant observation from that time. A count of 27 cysts 


was made in one dish, and two weeks later it was observed that the 
number was reduced to eighteen. Scyphostomae were produced from 
these cysts, and development took place in a normal manner. 


It is to be noted that the cysts occurred in both cases in material 
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that was being held in cages under conditions as nearly natural as pos- 
sible. Secyphostomae which were retained in the laboratory for long 
periods without food or change in water resorbed themselves until they 
diminished to the size of one-week-old forms, but at no time did they 
encyst. At present, therefore, we can offer no valid explanation for the 
production of cysts. The same phenomenon has been observed in 
Chrysaora by Chuin (1930), who also has been unable to offer an ade- 
quate explanation. In Chrysaora these cysts produce a ciliated larva 
which swims about and then attaches itself to develop into a polyp. In 


D. quinquecirrha a larva was not produced, but a large number of these 


cysts produced new polyps in the same manner as has been reported 


for pedal discs. 
Morphology 


The seyphostoma of ). guinguecirrha is a colorless, goblet-shaped 
polyp averaging 3.5 mm. in height, with a diameter of 0.6 mm. The 
mouth is cruciform and occupies the entire oral surface of the organism. 
The body of the scyphostoma is divided into two distinct regions: (1) 
the long, stalk-like, tapering basal region, and (2) the cup-like body, or 
apical region. The relative size of the two parts is dependent upon the 
degree of contraction of the polyp. The tentacles are solid, averaging 
6 mm. in length, and bear many nematocysts, which are regularly ar- 
ranged, forming a series of successive rings around the tentacle. The 
aboral end of the stalk is fixed to a sub-strate and is surrounded at the 
point of attachment by a pedal disc. In older specimens the pedal disc 
may be one of a group, each of which marks a previous place of attach- 
ment. The body wall is divided into the three layers, ectoderm, endo- 
derm, and mesoglea. The mesoglea is a thin, almost invisible lamella 
separating the two germ layers in the early development of the scyphos- 
toma. This gelatinous layer increases after the eight-tentacle stage 
until it becomes a prominent structure of the mature polyp, containing 


muscle fibers and other cellular structures produced by the germ layers. 


Reprodu tion 


Reproduction in the scyphostoma stage is of two types: (1) budding, 
resulting in the production of additional polyps, and (2) transverse 
fission, or strobilization, resulting in the production of ephyrae. 

\dditional scyphostomae are produced as the result of three types 
of budding: (1) somatic buds from the stalk region of the polyp, (2) 
production of stolons, which may be considered a form of somatic 


budding, and (3) development from pedal discs. 
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Stolon formation and somatic budding, the common methods of 
asexual reproduction in the polyp stage of the Scyphomedusae, have 
been found to be rare in this species. Likewise the statement of Truitt 
(1934), that the polyp buds profusely, has not been borne out by this 
study The common method of asexual budding in 2). guinguecirrha 


was found to be by means of pedal dises, the formation of which has 


heen reported by Hérouard (1907) as occurring in Taeniolhydra_ ros- 


offensis. Other investigators (Mayer, 1910) have claimed that 
Herouard was dealing with an abnormality of development of Aurellia 
Chis study has shown, however, that the formation of pedal discs is a 
normal occurrence in D. guinquecirrha. 

Strobilization occurs in. April or early May (June or July under 
controlled conditions). At this time the scyphostomae become bright 
pink in color and develop a series of circular furrows in the wall of the 
Hask-like part of the body. As these furrows become deeper, the oral 
tentacles of the polyp are resorbed. This process may be completed 
before further development of the furrows occurs, or the tentacles may 
remain until the furrows mark off a series of well-defined discs. The 
furrows eventually divide the polyp into a series of saucer-like segments 
connected by a central cord and borne on a slender stem. [cach of these 
saucers develops eight deep clefts, which in turn separate the periphery 
into eight lobes. Each lobe becomes cleft to form a bifurcation. At 
the apex of each bifurcation a deeply pigmented club, the future ten- 
taculocyst of the medusa, is produced. The scyphostoma reaches the 
stage of a strobila (Fig. 14) in a period of four or five days and the 
saucers are then released into the water. 

The number of dises produced remains remarkably constant at either 
five or six lhe process of separation of the dises from the base or 
stalk region of the scyphostoma is completed in from ten to sixteen 
hours. Shortly before being released, the discs begin to pulsate and con- 
tinue a characteristic movement of short, rapid pulsations until release 


Is vained., 
THe ErpHyra 


Che general structure of the ephyra was observed by Stiasny (1921), 
and Mayer (1910) had earlier published figures of the ephyra drawn 
by Brooks. 

The newly liberated ephyra (Fig. 15) is about 0.84 mm. in diameter, 
measured from the distal end of one arm to the distal end of the oppo- 
sitearm. The most prominent structure of its anatomy is the rhophalia, 
or tentaculocyst, of which there are eight, one in the bifurcation of each 


of the ephyral arms. Tentacles are lacking. The manubrium measures 
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approximately 0.23 mm. in length and is flared in the radii, forming a 
cruciform structure. The nematocysts are grouped in capsules of three 
different sizes and also appear singly covering the exumbrellar surface. 
The ends of the ephyral arms appear knobbed as a result of nematocyst 
aggregations. The middle of each of the arms is marked by the pres- 
ence of a pair of large nematocyst capsules, and the region where the 
arms join the disc is heavily covered with nematocysts. 

The ephyra spends the first three or four days of its existence close 
to the bottom. During this time the subumbrellar surface is outward 
and the manubrium is carried in an upright position. A single tentacle 
is developed in each of the deep clefts that separate the ephyral arms. 
These tentacles, which appear four or five days after the ephyra has 
become separated from the scyphostoma, are the eight primary tentacles 
of the medusa, and the lobes of the arms are the primary lappets of the 
bell margin. Following the appearance of the eight primary tentacles, 
the ephyral disc grows outward, filling the clefts which separate the 
arms until it reaches the radius of the rhophalia. The margin then 
becomes cleft into a series of lappets, the number of which varies with 
the age, bell diameter, and stage of development of the individual. 

When the eight tentacles have formed and the manubrium has in- 
creased in length until it is slightly longer than the bell diameter, the 
bell becomes inverted and the manubrium hangs downward from the 
center of the subumbrella. Inversion occurs between the sixth and the 
eighth day in typical specimens. The oral lips of the ephyra, which are 
heavily covered with nematocysts, are simple folds of the body wall, 
produced from the connecting tube of the strobila. As the ephyra de- 
velops into the medusa, these lips become folded and develop curtain-like 
margins on their internal edges. 

Four hollow, tentacle-like outgrowths, which are the first gastric 
cirrha (Fig. 16), appear on the subumbrellar surface at the interradii 
of the manubrium three days after separation. They increase rapidly 
until as many as thirty-five or forty appear in each interradius. An 
ephyra 5 mm. in diameter has eight gastric cirrha in each interradius, 
while the 8-mm. one has ten, and the ephyra of 15 mm. has twenty-five. 
These cirrha increase in number as development in the medusa continues. 
Development in the ephyra is completed in from six days to two weeks. 
Upon obtaining the bell shape, it is considered as the early “ post-ephyral 
stage” of the medusa. 


SUMMARY AND CONCLUSIONS 


Investigation of the life cycle of Dactylometra quinquecirrha, L. 
Agassiz in the Chesapeake Bay has been in progress since 1935. The 
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results have been obtained (1) from observations made on the organism 
reared under controlled laboratory conditions and (2) from specimens 
reared under natural conditions. These observations have been supple- 
mented by continuous investigation of the life cycle as it occurs under 
normal conditions. 

This study has shown that the metagenetic cycle, previously reported 
by Agassiz and Mayer (1898), requires a period of from ten to twelve 
months for development from the egg to the medusa. The collection 
of scyphostomae and ephyrae from the waters of the Bay, as well as the 
successful rearing of the polyp stage under natural conditions over a 
period of four years substantiates the opinion of Cowles (1930) that the 
sea nettle breeds in the Bay. There is no evidence to support the con- 
tention that it breeds in the salter ocean water and migrates into the 
Bay. As was pointed out by Littleford and Truitt (1937), ephyrae 
have been collected in large numbers up deep creeks and inlets at times 
when they were not found in open Bay waters. 

The common method of asexual reproduction in the scyphostoma 
stage is by means of pedal discs, budding being of rare occurrence. In 
the course of the study, it was noted that the scyphostoma had the capa- 
city to encyst under certain environmental conditions. These cysts later 
produced polyps that continued development in the normal manner. 
Strobilization differs markedly from that known to occur in other species, 
in that the number of ephyral discs produced is constant at either five 


or six, at no time approaching the condition where a large and variable 


number is produced, as in Aurellia aurita. 

The fact that the scyphostoma can live for very long periods of time 
was pointed out over one hundred years ago by Dalyell (1836), the dis- 
coverer of the polyp of Aurellia. It is of interest to note that this in- 
vestigation established the fact that in D. quinquecirrha the scyphostoma 
can live for rather long periods of time. Certain individual polyps have 
been reared through four successive years and have undergone strobili- 
zation each summer during that time. 

The ephyra, when small, lives close to the bottom and swims with 
the subumbrellar surface upward. After development of the manu- 
brium and the eight primary marginal tentacles, the normal position is 
attained. Growth of the ephyra is a rapid process; the organism may 
increase ten times in size within a few days. 

The life cycles of the red and white medusae are identical as regards 
rate of development and actual size of the morphological stages. The 
two “ varieties” readily interbreed and the resulting cross shows no 
deviation from normal in its developmental history. 
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THE BLOCKING OF EXCYSTMENT REACTIONS OF 
COLPODA DUODENARIA BY ABSENCE 
OF OXYGEN * 


MORDEN G. BROWN 


(From the School of Biological Sciences, Stanford University *) 


The encysted state of a protozodn may be considered one of high 
stability in that little or no energy is required for its maintenance. Cells 
in this condition are not in any dynamic equilibrium of diverse reactions, 
but in a static state. This investigation is concerned with the funda- 
mental problems of the nature of the changes from the dynamic to the 
static and from the static to the dynamic state as found in the encyst- 
ment and excystment of protozoa. 

The excystment process of the holotrichous ciliate, Colpoda duo- 
denaria, is more than a reactivation of metabolic enzyme systems. The 
process involves a redifferentiation of protoplasmic structures, cilia, etc., 
along with special physical-chemical systems such as the contractile 
vacuole system and in addition involves the processes for escape from the 
cyst membranes. 

Though like all ontogenetic processes, the excystment process is thus 
complex, it may prove amenable to analysis since the encysted organisms 
may be made very nearly uniform and will remain in a resting state with 
little or no change until reception of an excystment-inducing substance 


from their environment. The uniformity of the cyst preparation is 


obtainable since encystment as well as excystment depends on environ- 
mental conditions which may be controlled (Taylor and Strickland, 
1938). A standardized, constant biological material may thus be made 
available for an extended series of experiments, and quantitative as well 
as qualitative results compared throughout the series. 

The investigation into the nature of the physiological processes in- 
volved in excystment has been (1) by chemical analysis of substances 
which will induce the process (see Haagen-Smit and Thimann, 1938) 


1 This study comprises part of the Ph.D. dissertation (Brown, 1938a) and has 
been briefly reported at the Richmond meetings of the A. A. A. S. (Brown, 19385). 
Equipment used throughout this research was made available directly through 
the courtesy of Dr. C. V. Taylor and indirectly through a grant from the Rocke- 
feller Foundation to Stanford University for Dr. Taylor’s research in chemo- 
physical biology. 

2 Now in the Department of Zodlogy, Washington University, St. Louis. 
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and (2) by determination of the relations between the excystment time 
(the time elapsed between substitution of the excystment solution for 
the salt solution in which the organisms are kept and emergence from 
the cyst membranes) and controlled environmental factors such as con- 
centration of the excystment solution, temperature, oxygen tension, and 
x-ray irradiation (see Taylor, Brown, and Strickland, 1936; Brown 
and Taylor, 1938; and Brown, 1938a). This report presents the ex- 
perimental data obtained in the study of oxygen tension as a limiting 
factor in excystment together with a further analysis of the physical- 
chemical processes of excystment of Colpoda. 


EXPERIMENTAL 


The Colpoda used in these experiments were carefully cultured and 
selected as to interfission age, then encysted in grooves in cellophane. 
The cyst-cellophane preparation was then thoroughly washed and then 
kept in a continuously flowing, dilute, balanced salt solution. The tech- 
nique of making this preparation was developed by Mr. Strickland 
(Taylor and Strickland, 1935) and the cysts used throughout this study 
were prepared by him. 

The time for excystment was determined by counting the number 
of still encysted organisms (100 to 150 at start of each test) at intervals 
throughout the period of emergence from the cyst membranes. The 
geometric mean time was then evaluated by graphical methods as de- 
scribed by Brown and Taylor (1938). This geometric mean time which 
is equal to the median excystment time is referred to throughout this 
paper as excystment time. 

In each experiment a series of concentrations of excystment solution, 
Difco yeast extract, was used. This enables one to separate the excyst- 
ment processes into two periods: (1) that inversely proportional to the 
concentration of the excystment solution, and (2) that independent of 
the concentration of the excystment solution (Brown and Taylor, 1938). 

The control of oxygen tension necessitated the design and construc- 
tion of a special airtight excystment chamber through which gases of 
various composition could be passed. This chamber must be mounted 
on a mechanical microscope stage and fitted to a microscope of approxi- 
mately 150 X magnification. The final design (Fig. 1) was the result 
of a long series of improvements of chambers and mechanical stages. 
The chamber will contain a set of six Columbia dishes which can be suc- 
cessively observed by rotation of the glass plate forming the floor of the 
chamber. The upper, stationary part is made from a large Petri dish 
cover which is ground into the plate. This Petri dish cover is drilled 
at four points, a large hole, shown in the figure through which the 
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microscope objective projects, and three small ones, one for the inflow 
of the gas mixture, one for its outflow into a %-inch tube about a foot 
long, and one, normally sealed and close to the gas outlet tube, through 
which twice concentrated excystment solutions, previously brought to 
equilibrium with the oxygen tension being tested, could be added to equal 
amounts of salt solution in the excystment dishes with a negligible ad- 
mixture of air. The joint between the cover and floor and all joints 
about the objective have been sealed with paraffin oil throughout each 
experiment. 

In the first series of experiments, the partial pressure of oxygen was 
reduced to 4, that of air (from 150 mm. Hg to that of tank nitrogen, 








Fic. 1. Chamber and mechanical stage for studies of excystment of Colpoda. 
(1) Columbia dish containing cyst-cellophane preparation. (2) Glass cover of 
excystment chamber made from large, 150 mm., Petri dish. (3) Circular glass 
plate forming floor of chamber. (4) Moveable part of stage attached to a standard 
mechanical stage. (5) Microscope stage (specially constructed). (6) Micro- 
scope objective (10 X Zeiss, small size). (7) Microscope condenser. (8) One 
of three ball bearings in groove in moveable stage which support plate 3 and 
permit easy rotation of dishes. (9) One of three ball bearings between moveable 
stage and fixed stage. 


approximately 15 mm. Hg for the tank used). The control experiments 
were identical in all respects with those with reduced oxygen tension 
except that air was flowing through the excystment chamber instead of 
the tank nitrogen. No differences of any kind were found when the 
excystment under an oxygen tension 4 that of air was compared with 
the controls. A typical experimental run and two controls are shown 
in Figure 2. These results are in agreement with studies of respiratory 
rate under low oxygen tension for the free-swimming stages of the 
ciliates Paramecium (Lund, 1918, and Amberson, 1928) and Colpoda 
(Adolph, 1929); and further indicate that in none of the preceding 
work involving measurement of excystment time in solutions in contact 
with air was oxygen ever a limiting factor. 

To obtain lower oxygen tensions, the nitrogen was purified by 
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bubbling through an acid chromous sulphate solution (M/10 Cr**; 
pH=2). The reduced state of the solution was maintained by the 
presence of amalgamated zinc prepared according to the methods of 
Stone and Beeson (1936). Gas exchange with the solution was facili- 
tated by use of a sintered glass bubbler which broke up the gas stream 
into very small bubbles. After the air was washed out of the excyst- 
ment chamber with this nitrogen and sufficient time elapsed so that equi- 
librium between the gaseous and liquid phase was approached, then ex- 
cystment solution which had been de-oxygenated was added. There 
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Fic. 2. Excystment of Colpoda at 20° C. O, two control series; A, oxygen 
tension = 15 mm. Hg. 


were no signs of excystment for periods of as long as 25 hours, though 
at 15 mm. Hg partial oxygen pressure, excystment at 20° C. would have 
been completed in two to three hours. 

The data demonstrate much more than just a prevention of excyst- 
ment by absence of oxygen, for upon admittance of air, normal excyst- 
ment ensued; and further, the excystment time following the block was 
found to be independent of the duration of the block, independent of the 
concentration of the excystment solution, and equal in length to the 
period that was found from studies on relation between concentration 
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and excystment time to be independent of the concentration of the ex- 
cystment solution. The experimental data for two of the series of 
experiments at 20° C. are shown in Figure 3. Detailed tables of these 
data can be found in Brown (1938a). 

Apparently the reactions of the period in excystment depending on 
concentration of the excystment solution go to completion and the reac- 
tions of the subsequent periods are completely blocked in the absence 
of oxygen. These results are in agreement with the hypotheses previ- 
ously made that the first period is controlled by a diffusion phenomenon 
and that the following periods at 20° C. are controlled by a reaction of 
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Fic. 3. Excystment of Colpoda at 20° C. after being blocked by very low 
oxygen tension. @, time between admittance of air and emergence; ©, time be- 
tween addition of excystment solution and emergence. 


oxidative metabolism (Brown and Taylor, 1938). The fact that the 
reactions do not proceed in the second period in the absence of oxygen 
does not in itself prove that the normal limiting reaction is the oxidative 
metabolism—more refined experiments in which tests are made over a 


temperature range and in which excystment proceeds, but at a reduced 


rate due to oxygen tension being a limiting factor, are required. 
Though the period dependent on extract concentration changes with 
temperature in the range 12° to 32° C. as though it were controlled by 
the time required for diffusion of a substance from the excystment 
solution, below 12° C. this period changes with temperature according 
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to the Arrhenius equation with a very high » value (Brown and Taylor, 
1938). From this, one might expect that a different process limits 
this period in the low temperature range. However, this other process, 
if it exists, is also independent of oxygen, for when the experiments 
were repeated at 11° C. it was found that the time after admittance of 
air for completion of excystment is at this temperature also independent 
of concentration and equal in duration to the period which is found by 
study of the relation between excystment time and concentration to be 
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Fic. 4. Excystment of Colpoda at 11° C. after being blocked by very low 
oxygen tension. ©, time between admittance of air and emergence; O, time be- 
tween addition of excystment solution and emergence; O, control-time between 
addition of excystment solution under aerobic conditions and emergence. 


independent of concentration. Two of the low temperature series are 
shown in Figure 4. In the second of these series shown, the set of 
six dishes included four which were blocked by absence of oxygen and 
two to which the excystment solution was added at the time of admission 
of air; the conditions in the experimental and control dishes seem much 
more comparable in this case for it is seen that the extrapolated value 
for duration of the period independent of concentration coincides much 
more closely with the time for excystment after the block than in the 
cases in which the controls were run separately. 
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DISCUSSION 


At present four physiological periods in excystment of Colpoda have 
been sorted out by a quantitative study of excystment time under a 
variety of environmental conditions. Separation and characterization 
of the first and subsequent periods is by Brown and Taylor (1938) and 
this report and separation of the later periods is through the work of 
Taylor, Brown, and Strickland (1936) on the effects of x-ray irradia- 
tion at different stages of excystment. 

The experimental characterization and physiological interpretation 
of these periods is briefly as follows: 

I. A period whose duration is inversely proportional to the concen- 
tration of the organic constituents of the excystment solution (Brown 
and Taylor, 1938), and independent of oxygen tension (this report). 
Its duration changes with temperature as does the viscosity of the 
cytoplasm for a considerable temperature range (Brown and Taylor, 
1938). This period is considered to be one during which diffusion of 
essential substances from the excystment solution takes place and pos- 
sibly also an anaerobic reaction with high activation energy (Brown and 
Taylor, 1938, and this report).° 

II+I1II+I1V. A period whose duration is independent of the 
concentration of the excystment solution, and which is dependent upon 
oxygen (Brown and Taylor, 1938, and this report). The change in 
duration with change in temperature follows the Arrhenius equation 
with 4 = 44,000 calories/ mole below 15° C., 18,000 calories/mole be- 
tween 15° and 25° C., and zero above 25° C. (Brown and Taylor, 1938). 
It is suggested that the value of «= 18,000 is associated with oxidative 
metabolism and »= 44,000 with an anabolic reaction of excystment 
(Brown and Taylor, 1938). 

II. A period during which x-ray irradiation increases excystment 
time to the same extent as does irradiation at any time in Period I 
(Taylor, Brown, and Strickland, 1936). 

III. A short period during which emergence from the cyst is pre- 
vented by the same x-ray dose that at other periods only delays excyst- 

8 A recent abstract of a paper by Danielli (1939) not yet published indicates 
that one might expect the rate of diffusion through living cell membranes to change 
with temperature according to the Arrhenius equation. This suggests that below 
12° C. diffusion is the limiting factor in this first period in encystment rather than 
some postulated chemical reaction (Brown and Taylor, 1938) but that the 
mechanism limiting diffusion above 12° C. and below is different, i.e., a barrier of 
the type suggested by Danielli which requires diffusing molecules to possess 
greater than a certain kinetic energy in order to penetrate into the cell is limiting 
below 12° C., whereas cell structures that control diffusion rate according to their 
viscosity are limiting above 12° C. 
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ment or has no effect (Taylor, Brown, and Strickland, 1936). This 
period seems to be critical to the later building up of hydrostatic pres- 
sure which results in rupturing of the ectocyst membrane, for the ir- 
radiation prevents emergence but does not prevent the completion of 
differentiation of cilia or their functioning (unpublished observations 
of Taylor, Brown, and Strickland; see also Brown, 1938c). 

IV. A period throughout which administration of an x-ray dose 
which caused a three-fold increase in excystment time if given during 
Periods I or II and prevented emergence if given in Period III has 
almost no influence on excystment time (Taylor, Brown, and Strickland, 
1936). This period is considered separated from preceding ones by 
completion of a developmental reaction involving a substance which may 
be inactivated by x-ray irradiation during any preceding period. 

That Colpoda blocked from excystment by absence of oxygen do not 
die or show any adverse effects for a block of at least 25 hours at 20° C. 
is Opposite to the interpretation of some experiments with free-swim- 
ming Colpoda (Taylor and Strickland, 1938). In these experiments it 
was observed that free-swimming organisms die within a short time (97 
per cent in two hours) in an unaerated dense bacterial suspension but 
do not die in a similar suspension which is aerated. From this it was 
concluded that low oxygen tensions cause death of free-swimming 
Colpoda within a few hours. This may indicate that certain enzyme 
systems which may be thrown out of balance by removal of oxygen and 
which then destroy the free-swimming organism are not activated until 
the second or later periods of excystment. 


SUMMARY 


1. Excystment time is independent of oxygen tension down to 15 
mm. Hg. 

2. Excystment is blocked by very low oxygen tensions. This block 
is at a developmental stage between the excystment period dependent on 
concentration of the excystment solution and the periods independent of 


concentration. 

3. The excystment process may be divided into four physiological 
periods characterized by the influence of temperature, concentration of 
the excystment solution, oxygen tension, and x-ray irradiation on the 
excystment time. 
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THE RELATION BETWEEN KIND OF FOOD, GROWTH, 
AND STRUCTURE IN AMOEBA * 


S. O. MAST 


(From the Zodlogical Laboratory of the Johns Hopkins University and the Marine 
Biological Laboratory, Woods Hole, Mass.) 


It is well known that amoebae usually feed on living organisms and 
that they ordinarily ingest several different kinds. It has, however, 
been demonstrated that for some species, one kind suffices for growth 
(Oehler, 1916, 1924; Rice, 1935; Hopkins, 1937). No observations 
have been made on the relation between the kind of food and the struc- 
ture of amoebae. This is the main problem involved in the following 
experiments. 

Amoeba proteus and Amoeba dubia grown in Hahnert solution * 
containing rice grains were fed on Chilomonas paramecium raised on 
sterile acetate-ammonium * and glucose-peptone * solutions respectively 
and Colpidium striatum raised on sterile tryptone-phosphate ° solution. 
The experiments were made as follows: 

Numerous amoebae were taken from vigorous cultures, passed 
through several separate portions of distilled water so as to remove the 
food, and then left in distilled water several hours. In this, many of 
them became stellate in form. The largest of these were selected and 
five of them put into each of four 6 cc. glass salt dishes containing 3 cc. 
Hahnert solution each. Then numerous chilomonads or colpidia which 
by means of the centrifuge had been passed successively through 4 
separate portions of fresh Hahnert solutions were added to the solution 
in each, and left two hours, i.e. until the amoebae had ingested many 
chilomonads or colpidia, then the amoebae with as little solution as pos- 
sible were transferred to clean salt dishes containing Hahnert solution. 
This was repeated until the solution was free of chilomonads or colpidia, 
after which the process of feeding and transferring was repeated and 
the number of amoebae in each dish recorded daily for 9 days, then 5 

1] am much indebted to Drs. R. A, Fennell and William J. Bowen for very 
efficient assistance in the experimental part of this work. 

2 Hahnert solution—KCl, 4 mg.; CaCl, 4 mg.; CaH,( PO,)., 2 mg.; Mg;(PO,)., 
2 mg.; Cas(PO,):, 2 mg.; water, 1000 cc. 

8 Acetate-ammonium solution—NaC,Hs;O,., 150 mg.; NH.Cl, 46 mg.; (NH,):- 
SO,, 10 mg.; KzHPO,, 20 mg.; MgCls, 1 mg.; CaCl. 1.16 mg.; water, 100 cc. 

* Glucose-peptone solution—peptone, 8 g.; glucose, 2 g.; water, 1000 cc. 

5 Tryptone-phosphate solution—tryptone, 15 g.; KH,PQO,, 2 g.; water, 1000 cc. 
1000 cc. 
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of the specimens in each dish were transferred to clean dishes containing 
Hahnert solution and the rest discarded or used for the study of struc- 
ture, after which the process of feeding, transferring, and recording 


TABLE I 


Growth of Amoeba fed on chilomonads and colpidia respectively. Temperature, 
21°-25° C.; x, all but five discarded; * Several specimens removed for study of 
structure. 


Amoeba proteus 





Number of Specimens 


August | September 


Chilomonas in glucose-peptone 16 4 . 3 
solution o a | 

| 117 9* 
| Q* 





Chilomonas in acetate-am- 
monium solution 





Colpidium 





























Amoeba dubia 





| 
Chilomonas in glucose-peptone | 
solution 


Chilomonas in acetate-am- 
monium solution 





Colpidium 10} 13} 17| 22 
13} 24) 26) 44 
9} 11) 13) 217 
12] 13} 12] 207 
































was again repeated daily for 16 days. The results obtained are pre- 
sented in Table I. 

This table shows that both Amoeba proteus and Amoeba dubia fed 
exclusively either on chilomonads or colpidia increased in number, but 
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that the increase continued thruout the experiment only in Amoeba 
proteus fed on colpidia. It shows that some of the specimens of Amoeba 
proteus fed on chilomonads were still alive at the close of the experi- 
ment, but that the number had decreased; and microscopic examination 
showed that they were in very poor condition. The table shows that 
the specimens of Amoeba dubia fed on colpidia increased in number 
much more rapidly and lived much longer than those fed on chilomonads 
and it shows that for several days those fed on colpidia increased in 
number as rapidly as Amoeba proteus fed on these organisms, but that 
they then decreased rapidly in number and soon died. The table shows 
that no increase in number occurred in the specimens of either of the 
two species of Amoeba fed on chilomonads grown in acetate-ammonium 
solution and that they did not live so long as those fed on chilomonads 
grown in glucose-peptone solution. 

This experiment was repeated in part several times. In some of 
the tests made, the colpidia used were taken from a culture which con- 
tained an unidentified mold, but no bacteria. In some of these tests, 
the amoebae were left with the food 2 hours, i.e. the same length of time 
as in the preceding experiments, but in others they were left only 15 
minutes and in still others they were left 24 hours. 

In the tests in which the amoebae were left with the food only 15 
minutes there was no increase in number, either in those fed on chilo- 
monads or in those fed on colpidia. The time was obviously not long 
enough for the amoebae to ingest sufficient food for growth. The re- 
sults obtained in the tests in which the amoebae were left with the food 
2 and 24 hours respectively are essentially the same as those presented 
in Table I. That is, in the tests in which chilomonads were used as 
food, the amoebae usually increased in number fairly rapidly for several 
days and then decreased, and in those in which colpidia were used, the 
increase in number continued longer and, under some conditions, doubt- 
less would have continued indefinitely if the tests had not been closed. 
For example, in one test with Amoeba proteus fed on chilomonads, the 
number increased from 5 to 330 in ten days after which there was a 
slight increase for a few days, then a gradual decrease to zero, and in 
another with Amoeba proteus fed on colpidia there was a slow, but con- 
sistent increase in number for 34 days, i.e. thruout the entire experi- 
ment, with no indication of deterioration whatever, altho the increase 
during this entire time was only from 10 to 106. 

The results obtained seem to demonstrate therefore that Amoeba 
proteus can grow and live indefinitely on sterile colpidia as food, but 
that Amoeba dubia cannot, and that neither can live indefinitely on chilo- 
monads as food, but that chilomonads grown in glucose-peptone solution 
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are more nearly adequate as food than those grown in acetate-ammonium 
solution. 

The chilomonads grown in acetate-ammonium solution contained 
much starch and little fat, while those grown in glucose-peptone solution 
contained considerable starch but no fat and they were much smaller 
than the former (Fig. 1). The difference in their food value is, there- 
fore, doubtless due to difference in their chemical structure and content 
correlated with the chemical composition of the medium in which they 
grow. Growth in Amoeba is consequently not only correlated with the 
kind and the quantity of organism they ingest, but also with the physio- 
logical condition of the organism ingested. 


Fic. 1. Camera outlines of Chilomonas paramecium showing the effect of the 
kind of food in the culture medium on size and content. A, specimens taken at 
random from a vigorous culture in sterile glucose-peptone solution; B, specimens 
taken at random from a vigorous culture in acetate-ammonium solution; O, starch; 
@, fat. The flagella are not represented. 

Note that the chilomonads grown in glucose-peptone solution were much 
smaller and contained much less starch and fat than those grown in acetate-am- 
monium solution. Growth is more rapid in the former solution than in the latter. 


In the experiments on growth in Amoeba fed exclusively on sterile 
chilomonads and colpidia respectively, specimens were taken from the 
cultures at different times and studied in reference to behavior and 
structure. The results obtained are summarized in the following pages. 

The specimens of Amoeba proteus which had fed exclusively on 
colpidia for several days were extraordinarily large (Fig. 2) and liter- 
ally packed full of globules of fat, especially those which had fed on 
colpidia from the culture which contained mold. They had only a few 

6 This mold contained much fatty acid but no neutral fat and the colpidia 
contained enormous quantities of neutral fat but no fatty acid. In fresh cultures 
the colpidia multiplied rapidly and became abundant in 24 hours. At this time the 
solution was perfectly clear and the colpidia in it contained but little or no fat. 
Then the solution gradually became turbid and in 4 or 5 days, mold was clearly 
visible and at this time the colpidia were well filled with globules of fat and each 
one usually contained 3 or 4 fragments of mold hyphae or spores which contained 
liberal quantities of fatty acid which was doubtless changed to neutral fat in the 
cytoplasm of the colpidia. 
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pseudopods and these were very short, thick, and blunt without a hy- 
aline cap. They were only slightly attached to the substratum and 
moved about very slowly and irregularly, now in one direction, then in 
another, giving the impression of very sluggish, aimless, rolling about. 
Many had two nuclei. The alpha and beta granules were normal in 
number and structure, but the bipyramidal crystals were scarce and much 


Fic. 2. Camera outlines showing the size, form, and structure of Amoeba 
proteus fed exclusively on colpidia and chilomonads respectively. 

A, optical section of Amoeba proteus fed on colpidia; n, nucleus; c.v., contrac- 
tile vacuole; f, fat globules in one focal plane; F, same, enlarged; C, bipyramidal 
crystals in A; R, largest refractive bodies in A (substance in them not differen- 
tiated) ; r, one of these drawn out in the form of a fiber; C:, bipyramidal crystals 
in a specimen fed on chilomonads; s.v., side view; e.v., end'view; R:, refractive 
bodies in a small area in an optical plane in a specimen fed on chilomonads (sub- 
stance in these highly differentiated) ; 0, outer layer; s, shell; c, central substance; 
mm, projected scale. 


shorter and thicker and more truncated than usual and there were usually 
only a few spherical bodies and some specimens had none at all. The 
spherical bodies were with few exceptions very small and the substance 
in them undifferentiated. There was nothing in them similar to the 
fragile shell usually found and all the substances in them usually stained 
crimson with neutral red, but the central portion often appeared lighter 
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in color and somewhat more granular than the rest, and did not stain so 
readily. This substance was usually so elastic that if the bodies were 
released after they had been flattened by means of pressure on the cover- 
glass they soon assumed their original shape and it was so adhesive and 
viscous that if the cover-glass was pushed sidewise on the slide after 
the bodies had been flattened by pressure on it, the substance in them, 
owing to adhesions to the glass, was often drawn out in the form of a 
long slender fiber (Fig. 2). 

It is consequently obvious that if the food of specimens of Amoeba 
proteus is restricted to colpidia great changes occur in them in reference 
to size, form, behavior, and structure; in fact, changes so great that if 
such specimens were examined without information as to their origin 
they would certainly be designated as a new species and probably as a 
new genus. 

Specimens of Amoeba proteus which for several days had fed ex- 
clusively on chilomonads were normal in size, form, and activity; but 
they contained an extraordinarily large number of spherical bodies 
(often a thousand or more) and numerous bipyramidal crystals and very 
little or no fat. The spherical bodies were relatively very large and the 
substances in them well differentiated into a central mass surrounded 
with a prominent fragile shell which was covered with a thin layer of 


oily substance (Fig. 2). In solutions containing neutral red, the outer 
layer became deep red (crimson) in color, but the central portion and 
the shell did not stain. The spherical bodies in these amoebae were, 
therefore, similar to some described by Mast and Doyle (1935, p. 167) 
but differed radically in number, size, and structure from those found 


in the amoebae fed exclusively on colpidia. 

The bipyramidal crystals were relatively long and but little trun- 
cated and in some specimens as many as 2 percent of them were not 
truncated at all (Fig. 2). 

The facts that there were many more refractive bodies in the amoebae 
which had fed on chilomonads than in those which had fed on colpidia 
and that they were much larger and the substance in them much more 
differentiated, show that these structures are closely correlated with the 
kind of food ingested. They therefore support the contention of Mast 
and Doyle (1935, p. 291) and others that they are cytoplasmic inclusions 
and not cytoplasmic structures, i.e. secondary nuclei (Calkins, 1905), 
cysts (Taylor, 1924), Golgi bodies (Brown, 1930), mitochondria, 
(Horning, 1925, 1928), vacuome (Volkonsky, 1933). 

Amoeba dubia usually contains relatively few crystals (some irregu- 
lar or roughly bipyramidal in form with the edges and corners rounded, 
and some thin rectangular plate-like in form) and not much fat. 
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In the specimens fed on colpidia the irregular crystals decreased 
greatly in number and often disappeared entirely and the plate-like 
crystals increased considerably and there was marked accumulation of 
fat, altho not nearly so much as in Amoeba proteus. In those fed on 
chilomonads the irregular crystals increased greatly in number and the 
plate-like crystals decreased considerably and the fat usually disappeared. 

There was no significant change in size, form, or activity in those 
fed on colpidia or those fed on chilomonads. 


SUMMARY 


1. If specimens of Amoeba proteus are fed exclusively on colpidia, 
they become very large and extremely fat and sluggish and grow and 
multiply slowly, but indefinitely. The refractive bodies in them decrease 
greatly in number and size and their content becomes homogeneous and 
very adhesive, elastic and viscous. The crystals decrease in number and 
become shorter and more truncated. 

2. If they are fed exclusively on chilomonads, they grow and mul- 
tiply for several days, then decrease in number and soon die, but they live 
longer if the chilomonads have grown in glucose-peptone solution than 
if they have grown in acetate-ammonium solution. The refractive 
bodies increase greatly in size and number and the content of these 
bodies becomes sharply differentiated ; the bipyramidal crystals increase 
in number and become less truncated, and the fat decreases in quantity. 

3. If specimens of Amoeba dubia feed exclusively on chilomonads, 
they multiply for a few days, then cease and soon die. The irregular- 
shaped crystals increase and the plate-like crystals decrease considerably 
in number and the fat disappears. 

4. If they feed exclusively on colpidia, they multiply more and live 
longer than if they feed exclusively on chilomonads, but they do not 
live indefinitely. The plate-like crystals increase in number and the 
irregularly shaped crystals usually disappear entirely and the fat in- 
creases in quantity, but not so much as it does in Amoeba proteus. 

5. Amoeba is in reference to form, size, behavior, and structure 
closely correlated with the kind of organisms it eats and their physio- 
logical condition. 
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THE EFFECT OF ELECTRIC CURRENT ON THE RELATIVE 
VISCOSITY OF SEA-URCHIN EGG PROTOPLASM * 


C. A. ANGERER 2 


(From the Zoélogical Laboratory, University of Pennsylvania, and the Marine 
Biological Laboratory, Woods Hole, Mass.) 


Becquerel (1837) was the first investigator to study the action of 
electricity on protoplasm of single cells. [The greater part of the lit- 
erature treating of the effect of electric current on cyclosis may be ob- 
tained from Ewart (1903).] The conclusion to be drawn from the 
literature is that electric current, depending on the current density em- 
ployed, produces a progressive decrease in, followed ultimately by cessa- 
tion of, cyclosis providing the current flows for a sufficient interval of 
time. However, Velten (1876), Ewart (1903) and Koketsu (1923) 
observed an initial increase prior to the characteristic progressive slow- 
ing of cyclosis. The results obtained by Briicke (1862) on human 
leucocytes, Chifflot and Gautier (1905) on Cosmarium, Bayliss (1920) 
on Tradescantia and Amoeba by the Brownian movement method and 
Bersa and Weber (1922) on Phaseolus by the centrifuge method are 
in essential agreement, i.e., electric current produces an increase in 
protoplasmic viscosity. 

This investigation was undertaken to continue and extend the study 
of electric current as a stimulating agent to some type of protoplasm 
other than that of the protozoan cells Amoeba dubia and A. proteus 
already studied (1937).* It is of: interest to know whether the proto- 
plasm of such distantly related biological groups, e.g., Amoeba and the 
unfertilized eggs of Arbacia, responds to this stimulating agent in a 
comparable manner. 


MATERIAL AND METHODS 


The experiments were performed on the unfertilized eggs of the 
sea-urchin, Arbacia punctulata. The eggs were treated according to 
method “3” as described by Just (1928). Eggs were shed in about 


1 This investigation was aided by a grant-in-aid from the Society of the 
Sigma Xi. 

2 Now of the Dept. of Physiology, The Ohio State University, Columbus. 

8I wish to express my profound gratitude to Professor C. E. McClung for 
his many kindnesses during the present investigations. 

*Our own studies on amoebae are now nearing completion and a detailed 
report will appear shortly. 
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250 cc. of sea water and washed once in an approximately equal volume 
of the medium. 

The eggs were subjected to either direct or alternating electric cur- 
rent, according to the experiment in question, in a celluloid trough, the 
sides of which were perfectly milled and thus parallel to the lines of 
current flow. The current was applied through a Zn/ZnSO,/ sea- 
water-in-agar system, which, in turn, was in circuit with a reversing 
switch, rheostat and milliammeter. The agar bridges were cut to fill 
the ends of the trough completely and were finally sealed in place by 
means of hot agar. The available electrode surface, i.e., the cross-sec- 
tional area of the available medium in the trough, was 40 mm*. The 
source of the electric current was the regular service line (110 volts) 
running into the laboratory. 

The protoplasmic viscosity was determined by the centrifuge method. 
The handle of an Emerson hand centrifuge, when turned at the rate of 


one revolution per two seconds, developed a centrifugal force of 2,531 


times gravity, after allowance was made for the depth to which the eggs 
settled in the centrifuge tube when cushioned on an isosmotic (0.73 m.) 
sucrose solution. The eggs were centrifuged until 80 per cent, or 
more, showed a fine hyaline band 2/15 the diameter of the egg appearing 
between the oil cap and the yolk granules. (This fraction was equal 
to one division of the arbitrary scale of the ocular micrometer employed 
in these experiments.) The time in seconds necessary to move the 
yolk granules the specified distance, and thus show the requisite width 
of the hyaline band at the centripetal pole of the egg, is designated the 
“centrifuging value.” This is the end-point to which all experimental 
centrifugalizations are referred. 

The experiments were conducted in the following manner. Each 
batch, i.e., eggs from one female, was tested for ‘normalcy.’ <A batch 
of eggs was declared ‘normal’ if, on sampling, 95 per cent or more 
showed membrane elevation after insemination and 80 per cent or more, 
showed the desired width of the hyaline area when centrifuged for 60 
seconds at room temperature (19°-24° C.). These conditions prevail- 
ing, approximately uniform quantities of eggs were placed in the stimu- 
lating trough and while the eggs were more or less suspended, an 
electric current of known intensity and duration of flow was admitted. 
At the cessation of the current the eggs were immediately pipetted into 
the centrifuge tube, which contained a known depth of isosmotic sucrose 
solution, and were centrifuged respectively for various known periods 
of time. The lowest value to which the interval of time elapsing be- 
tween the cessation of the application of the stimulating agent and in- 
cipient centrifugalization could be reduced was 7 seconds. There was no 
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apparent difference between this and the 10-second interval which was 
used throughout these experiments unless otherwise stated. 

The points of curves A and B (Fig. 1) which represent centrifuging 
values plotted as functions of the time of exposure to the electric cur- 
rent in question were obtained in the following manner. After pre- 
liminary tests in which various constant current densities were studied, 


when applied for varying intervals of time, it was apparent that a cur- 
rent density ® of 0.005 amperes/mm.’ served best to illustrate the results 
and this density was employed throughout these experiments. 

On the basis of the above procedure the curves were developed as 


Fic. 1. Centrifuging time in seconds (viscosity) of Arbacia egg protoplasm 
vs. time of exposure in seconds to alternating (curve 4) and direct (curve B) elec- 
tric current. Curve C represents the rate of thermal increase to which the stimu- 
lating trough is subjected vs. time of exposure to either type of current. Current 
density = 0.005 amperes/mm.?; pH 8.2; room temperature = 21.5° C. 


follows. In the early experiments several batches of eggs were neces- 
sary in order to work out a complete curve. With more experience 
one batch of eggs sufficed for the determination of the points for any 
one curve. Twelve curves for direct (8) and ten curves for alternating 
(A) current were thus worked out. Finally, with these data as a basis, 
all points for both alternating and direct current curves were obtained 
by employing one batch of eggs. This procedure was repeated for three 
different batches of eggs and thus assured relatively constant conditions 
of material, temperature (21.5°C.),etc. Hence fewer experiments were 
performed in the latter instance but these data were substantiated by the 


5In a preliminary note (1938) amperes/cm.? should have read amperes/mm.?, 
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more detailed experiments performed during the early part of the work. 
Under the conditions of the experiments no point on the curves deviated 
more than ten arbitrary units in centrifuging value in repetitive tests. 
Eggs were not used for experimental purposes after being shed 
longer than three hours. The viscosity of the main protoplasmic mass, 
as determined by the method here employed, does not undergo any ap- 
preciable change during this three-hour period (Goldforb, 1935; An- 


gerer, 1937). 
There was no observable difference when experimentally treated eggs 
were compared with their controls for membrane elevation and cleavage. 


RESULTS 


Direct Current 


When sea-urchin eggs are subjected to a current density of 0.005 
amperes/mm.* flowing for varying known intervals of time, there is, in 
the majority of experiments, no observable change in the centrifuging 
value (curve B) after one second of continuous exposure. On con- 
tinuous application of the current for two seconds, there is, in all ex- 
periments, a decrease in the centrifuging value; while with three seconds 
of continuous exposure the viscosity decreases from the control centri- 
fuging value of 60 to a minimum value of 40 arbitrary units, i.e., a 
decrement of 33 per cent in three seconds. There is no further change 
in viscosity for the next four or five seconds, respectively, of continuous 
exposure to the current.?’ However, if the current is allowed to flow for 
six seconds, the centrifuging value increases from a transient minimum 
value until after seven seconds of constant exposure the centrifuging 
value is identical with that of the control. There is a progressive in- 
crease on further exposure, so that after fifteen seconds, when these 
experiments were discontinued, the centrifuging value had increased 
225 per cent above the previous minimum value. 


Alternating Current 


When the centrifuging values are plotted as functions of the time of 
exposure in seconds (curve A) to alternating current of 0.005 amperes/ 


®In a few experiments the viscosity at the end of this period of time was 
found to show a slight decrease which was never greater than a centrifuging value 
of ten seconds. 

7 Occasionally eggs, after exposure to electric current, showed a tendency for 
the intracellular granules to stick in the cortical area. This condition, though in- 
frequent, was confined, more particularly, to eggs from certain females. Though 
these eggs were discarded in the final count, since the behavior of the main mass 
of the protoplasm was of chief interest, their number was not of such magnitude 
as to affect appreciably the results. 
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mm.” there is, in all experiments, after one second of constant current 
flow a decrease in the viscosity of the protoplasm as measured by the 
centrifuging value. This value is decreased further when the eggs are 
exposed to the current for two seconds, while after three seconds the 
centrifuging value undergoes no further decrease but levels at the new 
minimum value which is 67 per cent of the control. This minimum 
value is maintained after continuous exposure for three, four and five 
seconds, respectively.’ Continuing the exposure to the stimulating agent 
further, there is, after five seconds, a perceptible increase in the vis- 
cosity value. Thereafter, with each successive second of exposure to 
the electric current a progressive increase is noted in the centrifuging 
value. The increment is of the same value as that recorded for direct 
current (curve B), namely 225 per cent in ten seconds. ‘The results 
recorded (curve A) were discontinued in this experiment after ten 
seconds exposure to alternating current because of the expiration of the 
time limit set upon the use of shed eggs. 

It was of interest, in view of the high resistance at the sea water- 
agar interface, to determine the thermal change occurring within the 
stimulating trough as a result of the passage of an electric current of 
specified density. The main coordinates of the broken-line curve C 
(labeled at the right and lower sides of Fig. 1) represent temperature as 
a function of time during which the eggs contained in the trough are 
exposed to the thermal effect induced by passage of the electric current. 
The temperature data were obtained by a specially constructed, direct 
reading thermometer, the bulb of which was of such size as to be sub- 
merged completely when immersed in the stimulating trough. 

That thermal effects of the magnitude present during the course of 
these experiments have no observable effect on the centrifuging value 
is shown on immersing eggs in sea water which has been warmed pre- 
viously to 32° C. When eggs are exposed to this temperature for 
greater intervals of time (e.g., 20 seconds) than that to which they are 
subjected during the course of these experiments and are simultaneously 
centrifuged with eggs serving as controls, it is found that the centrifug- 
ing values are identical. Heilbrunn (1924), though not primarily in- 
terested in this phase of the question, states in the protocol (p. 192) of 
his experiments on heat coagulation in sea-urchin eggs that after five 
minutes exposure to 32.9° C. the heat-treated eggs were found to show 
the same width of the hyaline area as the controls. 

Experiments were conducted to test whether varying the quantity 
of eggs suspended in unit volume of sea water in the specified electric 
field had any tendency to alter the shape of the electric current-viscosity 
curves. Batches of eggs were allowed to settle under the influence of 
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gravity in a four-inch finger bowl and minimum amounts of sea water 
plus the relatively concentrated eggs were picked up by means of a regu- 
lar medicine dropper. Various points on the electric current-viscosity 
curves were investigated using one, ten and twenty drops respectively 
of the egg suspension in unit volume of bathing medium. In the vari- 
ous concentrations of eggs employed there is no observable difference 
in the centrifuging values other than that which is within the range of 
experimental error. 


DISCUSSION 


When either direct or alternating electric current of the intensity 
employed in these experiments is used as a stimulating agent, there is 
initially a transient decrease followed by a progressive increase in the 
viscosity of the protoplasm of sea-urchin eggs. An ultimate increase in 
the centrifuging value is in line with the literature (see introduction) ; 
though no lucid evidence is to be found in favor of a transitory decrease 
in viscosity prior to the ultimate increase. 

In view of Heilbronn’s (1914) results on the attempt to correlate 
cyclosis in terms of viscosity data, it is justifiable to consider only, at 
the present time, data as obtained from the methods of Brownian move- 
ment and centrifugalization. Briicke (1862), Kithne (1864), Chifflot 
and Gautier (1905), and Bayliss (1920) have observed a decrease or 
stoppage of Brownian movement on passage of an electric current 
through the cell. These data, insofar as a definite statement as to the 
experimental procedure is given, were obtained during the actual passage 
of electric current through the material in question and not immediately 
thereafter as in the experiments here reported. There may be some 
criticism of studying Brownian movement during the actual passage of 
the current since cytoplasmic granules undergoing electrophoresis lose 
their characteristic trembling movements (unpublished results). Mast 
(1931) should be consulted in this connection. Bersa and Weber 
(1922), using the centrifuge method, observed an increase in the vis- 
cosity of the protoplasm of Phaseolus on the passage of electric current 
for relatively long periods of time. It would be of interest to ascer- 
tain data for shorter intervals of time. 

There is no difference in the results whether one employs alternating 
or direct current providing identical current densities are employed 
(compare curves A and B). Alternating current tends to be more ef- 
fective initially owing, apparently, to the greater shearing effect pro- 
duced by the protoplasmic granules suspended in an oscillating electric 
field which would tend to break down the protoplasmic structure. This 
effect may be reenforced by the apparently thixotropic character of 
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protoplasm. For a review of the literature on thixotropy in living 
cells see Angerer (1936). 

The question arises as to the congruity of applying a stimulating 
agent for the duration of a few seconds while a minimum of 50 seconds 
is required for obtaining the viscosity determination. When varying 
intervals of time are permitted to elapse from the cessation of the elec- 
tric current to incipient centrifugalization, the results obtained are found 
not to vary for at least two minutes. 

The data presented here are in accord with the known facts con- 
cerning the action of certain stimulating agents on sea-urchin egg proto- 
plasm. Heilbrunn and Young (1930) and Angerer (1937),® employing 
respectively ultra-violet radiations and mechanical agitation, found a 
transitory liquefaction prior to an ultimate increase in viscosity. Sim- 
ilar results were obtained for ultra-violet radiations (Heilbrunn and 
Daugherty, 1933), mechanical agitation, electric current and suddenly 
applied thermal increments (Angerer, 1936, 1938, 1940) on Amoeba 
protoplasm. To explain their results, Heilbrunn and Daugherty (1933) 
proposed a theory in terms of colloid chemical changes in protoplasm ; 
for a detailed review of this theory one is referred to Chapter 37 of 
Heilbrunn’s book (1937). 


SUMMARY 


1. The centrifuge method was used to determine the viscosity of 
sea-urchin egg protoplasm after exposure to either direct or alternating 
electric current to a current density of 0.005 amperes/mm.? for various 
known intervals of time. 

2. There is, on exposing eggs to either direct (curve B) or al- 
ternating (curve A) current, a transient decrease followed ultimately 
by a progressive increase in the centrifuging value (Fig. 1). 

3. Since the data for the action of electric current, as employed in 
these experiments, show a striking similarity to those results as ob- 
tained by the use of certain other stimulating agents on Amoeba and 
Arbacia egg protoplasm, it is suggested that the mechanism offered by 
Heilbrunn (1937) may be applicable here. 
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DEVELOPMENT OF EYE COLORS IN DROSOPHILA: PRO- 
DUCTION OF v* HORMONE BY FAT BODIES? 


G. W. BEADLE, E. L. TATUM AND C. W. CLANCY 


(From the School of Biological Sciences, Stanford University, California) 


Of the two diffusible substances known to be concerned in the pro- 
duction of eye pigments in Drosophila, only v* hormone is produced by 
fat bodies (Beadle, 1937). This was demonstrated by transplantation 
experiments. Attempts to extract this hormone from larval fat bodies 


were unsuccessful and it was therefore concluded that the hormone is 
produced after the time of puparium formation. It is the purpose of 
this paper to summarize additional experiments designed to determine 
when and under what conditions fat bodies produce this hormone. 
Unless otherwise indicated, fat bodies were taken from wild-type larvae 
or prepupae. All tests for v* hormone were made by using vermilion 
brown flies as described by Tatum and Beadle (1938). The few tests 
made for cn* hormone were made in a similar way using cinnabar 
brown flies. 


LARVAL Fat Bopies 


Although v* hormone could not be extracted from larval fat bodies 
with Ringer’s solution at 100° C., it was felt that the hormone as such 
might nevertheless be present but in such a state that it was not ex- 
tracted by the method used. Accordingly, several additional methods of 
extraction have been used. 

Fifty sets of dissected fat bodies were heated in distilled water, 
oven-dried, and extracted with chloroform. The chloroform-insoluble 
material was taken up in hot Ringer’s solution and injected into ver- 
milion brown test larvae. The results were negative (8 flies). Since 
the hormone is known to be chloroform-insoluble and water-soluble, 
these tests confirm those previously made. Other tests in which the 
dissected fat bodies were ground with powdered silica were likewise 
negative (3 flies). Alternate freezing of fat bodies (in an acetone and 
solid CO, mixture) and thawing for six successive times failed to yield 
any hormone in subsequent extracts made with hot Ringer’s solution 
(6 flies). 

Digestion of larval fat bodies with trypsin failed to liberate any 

1 Work supported by funds granted by the Rockefeller Foundation. 
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hormone. In one experiment 20 sets of fat bodies from mature larvae 
were incubated for 24 hours at 37° C. in 0.03 cc. of a solution of 0.5 
per cent of NaHCO, and 0.025 per cent of trypsin made up in Ringer’s. 
The clear solution obtained after heating and centrifuging through a 
microfilter gave negative results (20 flies). Appropriate controls 
showed that under these conditions the trypsin used was active in di- 
gesting casein and that it did not alter the activity of concentrated ex- 
tracts of the hormone. Observations showed that the trypsin-treated 
fat bodies were visibly broken down. 

Further attempts to determine whether any v* hormone is present 
in larval fat bodies were made by freezing such tissues with solid CO, 
and then transplanting them to test animals. This was done by taking 
up the fat body tissue in a regular transplantation pipette (Ephrussi and 
Beadle, 1936) and then placing the shaft of the pipette in contact with 
a small piece of solid CO,. The temperature actually attained by the 
tissue itself was not determined; it was without question well above 
that of the CO,. Ten flies to each of which a section of fat body (at- 
tached along one margin to the salivary gland) had been transplanted 
after being frozen three times, showed little or no eye-color modifica- 
tion. Other experiments using a more or less similar technique were 
made with fat bodies immersed in boiling water before transplantation. 
Considerable difficulty was encountered in doing this, but by coating the 
inside of the pipettes with a thin film of agar, drawing up the fat-body 
tissue, and then immersing the pipette in boiling water, a number of 
successful transplants were made. Of seven test animals to which such 
heated fat bodies were transplanted, six were quite negative. The 
seventh showed a color modification of 2.5 (medium response—see 
Tatum and Beadle, 1938, for significance of color values). This ex- 
ceptional animal was undoubtedly one to which by mistake an unheated 
fat body had been transplanted. Because of the technical difficulty of 
making such transplants such an error could easily have been made. 
Living fat bodies were transplanted as controls for both the frozen and 
heated series. Eight such control transplants gave a mean color value 
of 2.4 (1.8 to 3.0). A single control transplant gave a negative test, 
presumably due to failure of the operation. 

These experiments agree with those previously made and indicate 
that little or no v* hormone is present in larval fat bodies prior to 
puparium formation, and consequently that the major portion of the 


hormone produced by such tissues is elaborated after puparium forma- 
tion. It is possible that a small amount of hormone is produced before 


this time but in too small an amount to be detected by the methods used. 





PRODUCTION OF V+ HORMONE BY FAT BODIES 
Fat Bopies oF PREPUPAE 


Preliminary experiments indicated that v* hormone is present in 
prepupal fat bodies and can be extracted from them during this stage. 
Several series of extractions of prepupal fat bodies taken from animals 
of various ages were therefore made. In each case 20 sets of fat bodies 
were heated in 0.03 cc. of Ringer’s solution and the solution removed by 
centrifuging through a microfilter. One series, using prepupae from 
the Oregon-r wild-type stock gave the results shown in Table I. 


TABLE I 


Age in Hours Number Eye Color, 
after Puparium of Test Mean and 
Formation Animals Range 


- 11 0.1 (0.0-0.4) 
; 14 0.0 
10 2.2 (1.5-3.0) 
15 2.3 (0.0—3.2) 
10 0.8 (0.0—2.7) 


There is no apparent reason why the 3-4.5 hour prepupal fat bodies 


gave negative results. A number of other tests indicate that the results 
are generally erratic for young prepupae. Thus a separate set gave 
a mean color value of 1.3 for an extract of O-1 hour prepupal fat bodies. 
A series of tests of prepupae from the Canton-S wild-type stock gave the 
results shown in Table II. 


TABLE II 
Age in hours Number Eye Color 


larval 10 0.0 
0-1 10 0.3 (0.1-0.6) 
1.8-3.5 8 0.7 (0.0-1.6) 
8-9.5 8 1.4 (0.7—2.0) 


An additional experiment using 10-12-hour Oregon-r prepupae gave 
a test of 2.3 (6 animals 1.3-3.0). It should be pointed out that the 
tests of older prepupae are unreliable because of the impossibility of 
being sure of getting all of the fat body tissue. At this time the fat 
bodies are undergoing the breakdown process characteristic of meta- 
morphosis. 

These results suffice to show that the hormone is present in fat body 
tissue and may be extracted over most of the prepupal period. Because 
of the several difficulties involved in such tests as these, the results are 
only roughly indicative of quantitative relations. 
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CORRELATION OF HORMONE PRODUCTION AND PUPARIUM FORMATION 


Various attempts have been made to alter the conditions so that 
larval fat bodies would produce v* hormone. Unheated wild-type larval 
fat bodies were allowed to stand in Ringer’s solution for 5 to 6 hours 
at room temperature. Extracts of these gave negative results. Several 
series of 48-hour-old wild-type larvae were subjected to semi-starvation 
conditions by transferring them to 0.25 per cent dry brewers’ yeast in 
1 per cent agar as described by Beadle, Tatum and Clancy (1938). 
This reduced food supply prolongs larval life. Extracts of the fat 
bodies of such delayed larvae made just prior to puparium formation 
failed to show the presence of hormone. On the assumption that en- 
zymes might be involved in the production of v* hormone by the fat 
bodies, pupal fluid from vermilion brown animals selected from 0 to 30 
hours after puparium formation was injected into wild-type larvae 117- 
124 hours after egg-laying. Three to 7 hours after these injections 
were made the fat bodies of the hosts were removed and extracted with 
hot Ringer’s. These extracts were negative in tests for v* hormone. A 
similar experiment in which vermilion brown pupal fluid was injected 
into 92-97-hour wild-type larvae gave negative results in tests of fat 
body extracts made 23-25 hours later. 

A marked delay in puparium formation brought about by subjecting 
mature larvae to low temperature apparently does not break down the 
synchronism between hormone production and puparium formation. 
An experiment in which wild-type mature larvae were kept at 8—-10° C. 
for 18.5 hours showed that a Ringer extract of fat bodies of O—1-hour- 
old prepupae taken at the end of this time gave a mean color value of 
0.3 when tested in 11 vermilion brown animals. A comparable ex- 
tract made from prepupal fat bodies from mature larvae kept con- 
tinuously at 25° C. gave an average color value of 0.6 (11 flies). 
Considering the low values obtained from these two extracts and the 
variation (0.1—-0.7 and 0.1 to 0.8 respectively), this difference cannot be 
regarded as significant. 

Prepupal fat bodies O-1 hours after puparium formation apparently 
do not continue hormone production when explanted to Ringer’s solu- 


tion. In one experiment 20 sets of such fat bodies were placed in 0.03 


cc. of Ringer’s solution and allowed to stand at 22° C. for 27-28 hours. 
At the end of this time a hot-Ringer extract gave a color value of 0.4 
(range 0.0-0.7, 14 animals). A control series extracted in a similar 
way immediately on dissection gave a color value of 0.6 (range 0.1-0.8, 
11 animals). The explanted fat bodies did not undergo the breakdown 


processes characteristic of metamorphosis. 
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Superfemales of Drosophila (individuals with 3 X chromosomes and 
2 sets of autosomes) are known to show a delay of one to three days in 
puparium formation as compared with their normal sisters (Brehme, 
1937). During this period, subsequent to puparium formation by their 
sibs, there is relatively little growth of the superfemale larvae. Extracts 
of fat bodies of such superfemale larvae taken shortly before puparium 
formation show that v* hormone is present at this time. Thus an ex- 
tract of 20 sets of fat bodies from mature superfemale larvae in 0.03 
ce. of Ringer’s solution gave a mean eye-color modification of 0.7 (range 
0.0-1.0, 10 animals). Extracts of prepupal fat bodies of superfemales 
are likewise positive. It is clear, then, that under the particular set of 
developmental conditions of superfemale larvae the synchronization of 
fat-body hormone production with puparium formation characteristic 
of normal larvae is broken down. This shows that the two processes 
are not inseparably associated at least as regards their time sequence. 
The mechanism by which the two processes are normally related, how- 
ever, is entirely a matter of conjecture at the present time. 

While under none of the environmental and experimental conditions 
to which normal larvae were subjected was there any appreciable pro- 
duction of v* hormone by the fat-body cells prior to puparium formation, 
the fact that the sequence of these two processes is modified by the genic 
imbalance characteristic of superfemales suggests that it might be pos- 
sible to induce the formation of hormone by cells of this tissue before 
puparium formation in normal larvae if the proper conditions were 
brought about. Certainly this possibility is not excluded by any of 
the work reported in this paper. 

In order to determine whether or not fat bodies might have any 
effect on the eye-color hormones in vitro, an experiment was made in 
which fat bodies were explanted to a Ringer’s solution containing par- 


tially purified v* and cn* hormones. As a control, fat bodies heated 


for several seconds at 100° C. were allowed to stand in a similar solu- 
tion of the hormones. In both cases the fat bodies were kept in the 
solution for 4 hours at room temperature. The results are shown in 
Table IIT. 

Living fat bodies appear to have no significant effect on the hormones 
in solution. Since the hormones may be inactivated through oxidation 
in the presence of certain enzymes present in the organism (Thimann 
and Beadle, 1937), it may be concluded that the fat body either does not 
contain or does not liberate such enzymes under the conditions of this 
experiment. 
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RELATION OF THE Fat Bopy To THE STARVATION EFFECT 


It has been shown that low food level at a certain period of develop- 
ment modifies vermilion flies in some manner such that they produce v* 
hormone (Khouvine, Ephrussi and Chevais, 1938; Beadle, Tatum and 
Clancy, 1938). Normally such flies produce little or no v* eye-color 
hormone. Since this modification evidently must be due to some altera- 
tion in metabolism, attempts have been made to determine what tissues 
or organs might be involved. It has been found that the fat body is 
modified by subjection of larvae to low food. 

Larvae were transferred from full food to low food at about 48 
hours after egg-laying and allowed to complete larval development under 
these conditions. The methods of inducing an eye color modification 
in this way are described in the papers referred to above. Fat bodies 
taken from mature larvae which had been subjected to such semi-star- 
vation conditions were transplanted to vermilion brown larval hosts 


TABLE III 


Test for »* hormone Test for cn* hormone 





Unheated Heated Unheated Heated 








Number of tests 9 


2.0-2.5 


| 
| 
Mean eye color - 3. 3. é 
Range | 





grown under standard full-food conditions. In one experiment in 
which fat bodies from vermilion brown larvae grown on low food were 
transplanted, 21 host animals eclosed. Of these, 16 showed an eye- 
color modification (mean 0.8, range 0.1-2.0). The remaining 5 were 
negative, possibly because of unsuccessful operations. Since the fat 
body normally breaks down during metamorphosis there is no easy way 
of checking for the presence of implanted tissue. In another series fat 
bodies from vermilion larvae subjected to a low food level were trans- 
planted to vermilion brown test larvae. Ten animals developed and all 
showed a positive effect of the implant (mean eye color 1.3, range 
0.8-1.9). 

Since it is well established that fat bodies of fully fed vermilion (or 
vermilion brown) larvae give negative results when transplanted to ver- 
milion brown hosts, it is evident that low food of the kind used so modi- 
fies the fat body that it subsequently produces v* hormone. These 
results have been checked by direct extraction of the hormone from pre- 
pupal fat bodies. Extraction of fat bodies of mature vermilion brown 
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larvae that had been subjected to low food conditions yielded solutions 
that were negative in tests for v‘ hormone. Fat bodies from prepupae 
(4.5-6.5 hours after puparium formation) were extracted with hot 
Ringer’s solution. This extract gave a slight but definitely positive 
modification of the eyes of vermilion brown test animals (11 flies, eye 
color 0.1-0.2). It appears that in such larvae, as in normal wild-type 
larvae, the fat body produces v* hormone subsequent to the time of 
puparium formation. 

Preliminary studies have indicated that subjection of larvae to low 
food conditions brings about changes in the cytoplasmic inclusions of 
the fat body cells. These changes may possibly be correlated with the 
production of hormone by vermilion larvae which have been grown 
under semi-starvation conditions. Since these investigations are as yet 
incomplete, discussion of them will be deferred. 

Malpighian tubes of wild-type larvae are known to contain v* hor- 
mone and there is evidence that they produce this substance. In order 
to determine whether the low food level might also have an effect on 
these organs, Malpighian tubes from semi-starved vermilion brown (or 
vermilion) larvae were transplanted to normal vermilion brown test 
larvae. It was discovered that tubes from larvae subjected to a low 
food level tend to kill the hosts to which they are transplanted. Pre- 
sumably the tubes accumulate toxic substances under such conditions. 
In a preliminary series four mature recipients showed no eye color 
modification. In this series, however, no dissections were made to de- 
termine whether the implant was present. A second series in which 
sets of four Malpighian tubes from mature semi-starved vermilion were 
transplanted to vermilion brown test larvae, nine adult recipients were 
obtained which dissections showed to contain implanted tubes. Eight 
of these showed a relatively weak eye color response (0.5) indicating 
that hormone was present or was produced—the ninth was negative. 

It appears that the Malpighian tubes of vermilion larvae contain or 
produce some v* hormone under the semi-starvation conditions to which 
these larvae were subjected. The effect, however, seems to be less 
strong than that on the fat bodies. It is possible that the hormone re- 
leased from larval Malpighian tube transplants represents accumulation 
and is not produced by the tubes themselves. It does not seem prob- 
able that the hormone is produced by the fat body, although we have not 
entirely excluded the possibility that the larval fat body produces hor- 
mone at a low rate. The fact that no hormone (or very little) ac- 
cumulates in the larval fat body argues that if it is produced in this 
tissue during larval life, it must diffuse out approximately aS fast as it is 
formed. 
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SUMMARY 


Under normal genetic and environmental conditions fat-body cells 
produce v* hormone after the time of puparium formation but not before. 
Attempts to induce hormone production by fat-body tissue before 
puparium formation were unsuccessful. Since it is shown that larval 
fat bodies of mature superfemale larvae contain v* hormone, however, 
it is clear that the normal sequence of puparium formation and hormone 
production is not a necessary and invariable one. 

Active solutions of v* hormone are readily obtained by extracting 


prepupal fat bodies over practically the entire period of prepupal de- 


velopment. 

It is shown that the so-called “ starvation effect’ on eye pigmenta- 
tion involves a modification of genetically vermilion fat body cells such 
that they produce v* hormone, whereas normally they are unable to do 
so. It is possible but not definitely established that a somewhat similar 
modification is brought about in cells of the Malpighian tubes by semi- 
starvation of larvae. 
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EFFECT OF DIET ON EYE-COLOR DEVELOPMENT IN 
DROSOPHILA MELANOGASTER * 


E. L. TATUM AND G. W. BEADLE 


(From the School of Biological Sciences, Stanford University) 


Vermilion brown (v bw) larvae of D. melanogaster placed on a low 
food level diet produce v* eye-color hormone, and therefore, as flies, de- 
velop pigmented eyes (Khouvine, Ephrussi and Chevais, 1938). Beadle, 
Tatum and Clancy (1938) showed that larvae are affected in this way 
by low food level during a certain sensitive period lying between 60 
and 70 hours from egg laying. Khouvine, Ephrussi and Chevais re- 
ported that sugar added to the starvation diet inhibits the starvation 
effect. Their work, however, did not eliminate the possibility that the 
sugar effect was associated only indirectly with hormone production in 
the flies, possibly through the intermediation of growing yeast or other 
micro-organisms. We have investigated the effects under aseptic con- 
ditions of various supplements to a low yeast diet on the growth and 
eye-color development of vermilion brown animals. Under these con- 
ditions carbohydrates and related substances inhibit the starvation effect, 


while proteins and amino acids do not. The present paper summarizes 


these results. 
EXPERIMENTAL 
Culture and Methods 


The aseptic cultures of vermilion brown larvae used throughout this 
work were obtained by a slight modification of Baumberger’s (1919) 
alcohol sterilization method. Eggs were collected over a 2- to 3-hour 
period on freshly autoclaved standard corn-meal molasses agar, without 
added yeast. Shortly after collection 20 to 30 eggs were picked up on 
a single small sterilized glass rod flattened at the end. The rods with 
the eggs were then placed individually in small sterile vials containing 
85 per cent alcohol. After 10 minutes the rod was removed and the 
eggs were pushed off onto the sterile test medium, using ordinary bac- 
teriological methods to insure sterility. All cultures were incubated at 
25° C. unless otherwise stated. 

The standard starvation food contained 1.5 per cent agar and 0.5 
per cent Fleischmann’s dry brewers’ yeast made up with distilled water. 

1 Work supported by funds granted by the Rockefeller Foundation. 
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Ten cc. of this mixture and the desired amounts of the various supple- 
ments were placed in 35 cc. vials which were stoppered with cloth- 
covered cotton plugs. After sterilization in the autoclave the vials were 
cooled and agitated, and finally slanted so that the solid yeast remained 
suspended throughout the medium. Routine checks of sterility were 
made after pupation of the larvae by streaking a loopful of the medium 
onto yeast extract-glucose agar. Any vials which were not bacteriologi- 
cally sterile at this time were discarded. 

Cultures were observed every 24 hours, so that the time to emergence 
of the flies was accurate only within this period. The observed pro- 
longation of larval and pupal life as compared with the normal 215 
hours on full food is given in days from egg-laying. The delay actually 
represents prolongation of larval life, since Beadle et al. (1938) showed 


TABLE I 


Influence of yeast concentration and temperature on the starvation effect. Basic 
medium: 1.5 per cent agar. 








Yeast concentration (per cent) 


1.0 3.0 


| } | 
Days | No. Days | No. | Days | No. | | Days | No. | 
to of Eye | to of Eye to | of | Eye | to of | Eye 
emer- jadult | color emer- jadult| color emer- jadult| color | emer- jadult| color 
gence | flies | i 


gence | flies | gence | flies | 


22-25*| 7 5-4.5| 27-2 3.5-5 24-26 | 39 1.0-3.0| 24-26 | 35 | 0.5-2.5 
11-13 33 | 2.5-3.5 - 5 .5-1.5] | 20 | 00-0.2) 9-10 42 0.0 


10-11 | 26 | 0.5-1.2) 9- | 0. 29 | 00 &9 | 3 0.0 


* Normal developmental time on full food is 9 days (215 hours) from egg-laying. 


that duration of pupal life is practically constant under all conditions. 
After emergence of the flies the intensity of pigmentation of the eyes 
was graded according to the scale of eye-color values described by 
Tatum and Beadle (1938). These values have a definite relation to 
the amount of hormone available to the fly, but for simplification all 
results are given only as color values. It should be remembered that 
the increased intensity of eye pigmentation resulting from starvation 
involves the actual production of v* hormone (Beadle et al., 1938). 


Effect of Yeast Concentration and Temperature 


In order to determine the most suitable conditions for the starvation 
effect, series with varying yeast concentrations were incubated at dif- 
ferent temperatures, 18°, 25° and 28° C. The results are given in 
Table I. It was found that 0.5 per cent dry yeast at 25° C. was most 
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TABLE II 


Influence of carbohydrates on the starvation effect. Basic medium: 0.5 per cent 
brewers’ yeast in 1.5 per cent agar. 


Carbohydrates added (2 per cent concentration) 


Delay in days 
Number of flies | 
Eye color 2.0—3.5 0.0-0.5 0.0-0.3 0.1-1.0 


suitable, both for the intensity of the effect and for the developmental 
time required. Lower concentrations of yeast at this temperature gave 
somewhat stronger effects, but mortality was higher. The higher tem- 
perature, 28° C., speeded up development and greatly decreased the in- 


TABLE III 


Influence of sucrose concentration on eye-color (starvation effect) and length of 
larval life. Basic medium: 0.5 per cent brewers’ yeast in 1.5 percent agar. (Figures 
in parenthesis indicate number of flies.) 

Sucrose concentration (per cent) 
Prolongation of |__ _ : om - 


larval life | | | 
1 | O38 | OS 


4.0-4.5| 1.5-2.0| 1.0-2.5 
(21) | (60) | (22) 


2.5-3.0 | 0.5-1.5 | 0.0-0.2 
(18) | (21) (11) 
2.0-3.0 | 0.0-1.5 | 0.0-0.6 | 
(6) (19) 
| 2.0-4.0}| 2.0-3.0} 3. = | | 0.0-0.5 | 
| (17) | (S) ) | (5) 
aoa . — = wall | 


}2.5-3.5| 1. | 0.0-0.8 
(2) (1) | (5) 
} oo | - " 


2.0-4.0| 1.5-4.0| 3.0-4.5 | 1.5-3.5} 1.0-3.0| 0.0-1.5 | 0.0-0.8 
(40) 








— ——- ; —___--—— |—-—- 


Total 





| (28) | 36) | (49) | (84) | (S1) | 














tensity of the starvation effect; i.e., pigment production did not take 
place on yeast concentrations over 0.5 per cent. At 25° C., 3 per cent 
yeast or more prevented the starvation effect, while pigment appeared 
on all concentrations up to and including 5 per cent yeast at 17° C. 
This effect of temperature may be due to a differential influence on 
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larval activity (food intake) and on the rate of metabolic processes. 
The medium containing 0.5 per cent yeast was selected for standard 
starvation and used throughout further work. At 25° C. it consis- 
tently delayed larval development from 2 to 4 days and gave eye-color 
values of from 2.5 to 3.5. This is equivalent to a v* hormone produc- 
tion of 3.5 to 8.0 units per individual (Tatum and Beadle, 1938). Con- 
trols were made for each series of experiments, with similar results. 
These control starvation values are omitted from the tables in most 


cases. 


—— DRY YEAST, 0.5 % 


somes ov enenee ~DARY YEAST, 0.5%, WITH 
MYOROLYZED CASEIN, 2.02% 


VALUE 


& 
° 
~N 
° 
Qo 


Ere 


4.0 


PERCENT SUCROSE 


Fic. 1. Influence of temperature and of hydrolyzed casein on sucrose inhibi- 
tion of the starvation effect (maximum color values for each sugar concentration 
used in plotting curves). Basic medium: 0.5 per cent brewers’ yeast in 1.5 per 
cent agar. 


Effect of Carbohydrates 


Table II shows the influence of added carbohydrates on the starva- 
tion effect. Starch, sucrose, and glucose almost completely inhibited 
the production of pigment, although larval life was prolonged as much 
as or more than in the controls without carbohydrate. Several series of 
experiments were made to establish the relation of sugar concentration 
to prolongation of larval life and intensity of the starvation effect. 
Table III gives the combined results of these series. Concentrations of 
sucrose up to 0.5 per cent shortened larval life as compared to the con- 
trol, without very marked effect on eye pigmentation. Higher sucrose 
concentrations progressively prolonged larval life and inhibited pig- 
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mentation. Two per cent sucrose caused about the same delay as in 
the control, but almost completely prevented v* hormone production. 
Four per cent sucrose seemed to be toxic and prolonged larval life even 
more than in the control, but completely suppressed the starvation effect. 

The inhibiting effect of varying concentrations of sugar at 28° C. 
was also determined. The influence of temperature on the sucrose 
effect is shown in Fig. 1. It required almost the same concentration of 
sugar (2 per cent) to inhibit completely pigmentation at the higher 
temperature as at 25° C., although the production of pigment on the 
control starvation food without sugar was much less at 28° C. 











TABLE IV 


Influence of other substances on the starvation effect. Basic medium: 0.5 per cent 
brewers’ yeast in 1.5 per cent agar. 


















































Substance added Rte wy tnd 4 ete of Eye color 
Sodium benzoate, 1 per cent* 1-3 20 0.1-1.5 
Sodium benzoate, 1 per centft.. . 2-3 5 0.5-0.8f 
Calcium acetate, 2 per cent... . .| 6-9 30 0.0-0.2 
Calcium lactate, 3 per cent...... 5-9 30 | 1.0-3.0 
Calcium carbonate, 2 per cent. .. 6-9 20 2.0-3.5 
Ethyl alcohol, 5 per cent§....... 1-5 22 0.0-0.1 
Glycerol, 2 per cent............ 3-7 38 2.0-3.0 
Butter fat, 4 per cent.......... 3-8 11 0.0-0.2 














* Sterile 60-hour-old fully fed larvae transferred aseptically to test medium. 
T Eggs not sterilized. 

t Control with no benzoate; color = 3.0. 

§ Alcohol added after cooling medium to 35°C. 







The results of these experiments with carbohydrates show that pro- 
longation of larval life is not necessarily accompanied by v* hormone 
and eye pigment production. However, the starvation effect is ob- 







served only when larval life is prolonged. 






Influence of Other Substances on the Starvation Effect 





It seemed possible that some indication of the nature of the starva- 
tion effect might be obtained by similarly testing substances other than 
carbohydrates. Table IV summarizes the results of these experiments. 
Calcium lactate, calcium carbonate, and glycerol had only very slight 
inhibiting effects on pigmentation. On the other hand, ethyl alcohol, 
butter fat, and calcium acetate prevented the starvation effect almost 
completely. Sodium benzoate was quite toxic, but under non-lethal 
conditions it prevented pigment production to a considerable degree. 
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Each of these various additions to the starvation diet considerably pro- 
longed larval life, but production of v* hormone was suppressed only 
by certain specific substances, all of which, with the exception of sodium 
benzoate, may be assumed to be metabolized in a manner similar to 
carbohydrates. No explanation can be suggested for the inability of 
glycerol and calcium lactate to function in this way. Concentrations of 
calcium lactate and glycerol from 0.5 to 3.0 per cent have been used with 
similar results in every concentration. 


Effect of Proteins and Amino-acids 


In contrast to carbohydrates, which definitely inhibit the starvation 
effect, whole and hydrolyzed proteins and mixtures of amino acids, in- 


TABLE V 


Influence of protein and amino acids on starvation effect. Basic medium: 0.5 per 
cent brewers’ yeast in 1.5 per cent agar. 


Substance added Prolongation of | Number of Eye color 
larval life in days adult flies 


Gelatine, 3 per cent 5-6 1.5-2.0 
Gelatine, 3 per cent; Trypto- 

phane, 1 per cent 5-9 
Mixture of amino acids* 
Hydrolyzed casein, 0.5 

cent 
Hydrolyzed casein, 

cent ; : 2.0-3.5 
Hydrolyzed casein, 

cent 2 1.0—3.0 
Hydrolyzed casein, 

cent d 0.2—3.0 


* Tryptophane, tyrosine, cystine, leucine, asparagine, glycine, alanine; 0.1 per 
cent each. 
cluding tryptophane, have no significant effect in reducing either dura- 
tion of larval life or pigment production. These results are given in 
Table V. 

Although hydrolyzed casein alone had very little effect on pigmen- 
tation, it greatly intensified the sucrose effect. The result of a series 
containing 2 per cent hydrolyzed casein and increasing amounts of 
sugar is graphically represented in Fig. 1. In the presence of hydro- 
lyzed casein, a sucrose concentration of 0.3 per cent almost completely 
inhibited hormone production. The other curves in Fig. 1 give for 
comparison the effect of sucrose without hydrolyzed casein. In the 
presence of an excess of amino acids, the sugar concentration effective 
in pigment inhibition was about that optimal for growth (see Table II1). 
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DISCUSSION 


Khouvine et al. (1938) suggested that sugar may have a protein- 
sparing action, and that the starvation effect and production of v* hor- 
mone involves an abnormal protein degradation in the larva. It seems 
possible, from our results, that the action of carbohydrates and similar 
substances may be due to their protein-sparing action. However, it is 
probable that other factors are also involved since the sugar concentra- 
tion optimal for growth does not inhibit the starvation effect and pig- 
ment production. This concentration (0. 5 per cent) should have the 
same protein-sparing action as higher concentrations. In the presence 
of an adequate supply of amino acids (hydrolyzed casein), however, 
sugar completely inhibits the starvation effect at the 0.5 per cent con- 
centration optimal for growth. 

Carbohydrates seem to inhibit pigment production in starvation by 
altering the starvation metabolism in such a way that v* hormone is not 
produced, and not by affecting the utilization of the hormone. Khou- 
vine et al. showed that a diet containing sugar did not affect the utiliza- 
tion of ingested v* hormone supplied as a Calliphora extract. In addi- 
tion, we have injected mixtures of glucose with extracts containing v’ 
substance into v bw larvae with no decrease in the effectiveness of the 
hormone. 


Substances other than carbohydrates which also prevent the starva- 


tion effect probably act in the same way, since theoretically they may be 


metabolized in a similar manner. The action of sodium benzoate, since 
it has no relationship to carbohydrates metabolically, may have a dif- 
ferent basis. Sodium benzoate acts similarly to sugar in that it inhibits 
the production of v* hormone by v bw larvae on a starvation diet. How- 
ever, it has no effect on the normal hormone production by su?-v, v bw 
larvae (normal eye-color f= 1.0; ?==2.0). Nor does sodium benzoate 
influence the utilization of ingested v* hormone by v bw larvae. 

Beadle et al. (1938) showed that starvation is effective only during 
a certain sensitive period in larval development. This period was found 
to lie between 60 and 70 hours of normal development. The starva- 
tion effect may be assumed to be a result of prolonging this specific 
developmental period. Preliminary experiments designed to determine 
the effect of sucrose on this sensitive period were carried out under aseptic 
conditions by placing fully fed 54-hour-old larvae on low food with and 
without sugar. At intervals thereafter larvae were removed from the 
starvation food to plain agar. The ability to pupate served as the cri- 
terion of the end of the 60—70-hour sensitive period (see Beadle et al., 
1938). The results seemed to indicate that this period is significantly 
shortened by sugar in the starvation food. 
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Whether the action of carbohydrates in inhibiting the starvation 
effect is due to a direct influence (possibly through a protein-sparing 
action) on specific processes which during the starvation period lead to 
the production of v hormone, or whether it is due to a differential ac- 
celeration of development during the 60—70-hour sensitive period, thereby 
shortening the effective time of starvation, cannot be definitely decided 
at present. 


SUMMARY 


The production of v* eye-color hormone and development of pigment 
in the double recessive vermilion brown of D. melanogaster may be 
brought about by feeding the larvae on sub-optimal levels of dead yeast 


under aseptic conditions. 

With a given concentration of yeast, culture of larvae at low tem- 
perature (17° C.) greatly increases the intensity of the starvation effect. 
High temperature (28° C.), on the other hand, decreases the intensity 


of the starvation effect. 

Carbohydrates and related substances (acetate, fat, and ethyl al- 
cohol) added to the low yeast diet, under aseptic conditions, completely 
inhibit the starvation effect by their direct action on larval metabolism 
and development. 

Proteins and amino-acids have very little influence on the starvation 
effect, but greatly lower the carbohydrate level required to completely 
inhibit pigment production. 

The starvation effect is always associated with prolongation of larval 
life, but great prolongation of life is possible under certain conditions 
without any modification of eye color. 

The inhibition by carbohydrates may be due to a direct influence on 
processes proceeding during starvation or to a specific acceleration of 
development during the period sensitive to starvation, or to both. 
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PIGMENT INHERITANCE IN THE FUNDULUS-SCOMBER 
HYBRID 


ALICE RUSSELL 


(From the Marine Biological Laboratory, Woods Hole, Mass.) 


The hybrid between Fundulus heteroclitus (L.) 2 and Scomber 
scombrus (L.) ¢ is first mentioned by H. H. Newman in 1915. J. Loeb 
had stated his belief that development in intergenic hybrids is partheno- 
genetic. Newman cites the inheritance of Scomber pigmentation in the 
Fundulus-Scomber cross as a proof that fertilization had taken place. 
In a later paper, 1918, he continued the discussion of this hybrid. 

His account of the abnormalities found in the embryos made it seem 
worthwhile to obtain the cross again, to make a cytological and mor- 
phological study of early stages, and to make a detailed study of the 
chromatophores in parent and hybrid embryos. 


Preliminary hybridizations were made successfully late in June, 
1937, at the Marine Biological Laboratory. During the summers of 
1938 and 1939 numerous hybridizations were made from June 10—July 5. 


After July 5 it is usually impossible to procure spawning mackerel, 
before June 10 it is difficult to obtain spawning Fundulus. For best 
results, with a large percentage of hybrid embryos, both parents must 
be at the height of sexual activity. 

Ripe F. heteroclitus females were selected and isolated in tanks of 
running sea water for at least 18 hours before they were to be used: this 
assures the absence of Fundulus sperm. As mackerel do not live long 
after being caught, hybridizations were carried out at the traps. Fun- 
dulus females were carried to the fish traps in clean buckets or bowls of 
sea water. Scomber scombrus males were stripped into finger bowls 
containing a small quantity of sea water. The F. heteroclitus females 
were stripped into the sperm suspension, the eggs from each female 
being kept in separate bowls. After 10-15 minutes the sperm suspen- 
sion was washed off and fresh sea water was added. In the laboratory 
the eggs were placed a few in each bowl, and allowed to develop. Con- 
trols were carried as follows: (1) Unfertilized F. heteroclitus eggs from 
some of the females in each set of hybridizations were observed as a 
check on the possible presence of F. heteroclitus sperm in sea water, in 
the tanks, or on the fish. (2) F. heteroclitus eggs were fertilized with 
F. heteroclitus sperm to check on the fertilizability and rate of develop- 
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ment of normal Fundulus heteroclitus. (3) Scomber scombrus eggs 
were fertilized with Scomber scombrus sperm to check on the normal 
Scomber scombrus development. (4) The reciprocal cross with Scom- 
ber scombrus eggs and F. heteroclitus sperm was tried many times, 
always unsuccessfully. 

The egg of Fundulus heteroclitus is 2-2.5 mm. in diameter, well 
yolked, demersal, developing slowly and hatching out in 12-16 days. 
The egg of Scomber scombrus is smaller, 1 mm. or less in diameter, 
transparent, pelagic, developing quickly and hatching in 60-72 hours. 
The hybrid develops more slowly than normal F. heteroclitus, forming 
defective embryos which, in our experience, never hatch, even though 
kept for 30-35 days. 

Normal stages of Scomber scombrus have not been described, al- 
though Worley (1933) mentions that they resemble closely those of 
sea bass as described by Wilson (1889). As there was no published 
account of pigment development in Scomber scombrus, this had to be 
studied. Scomber scombrus eggs were obtained and fertilized at the 
fish traps. As the eggs are pelagic, it is difficult to wash off the excess 
milt while in transit from traps to laboratory; sea water can, however, 
be added from time to time. Scomber eggs are very sensitive to tem- 
peratures above 17° C., and will not develop at all above 21° C. (Worley, 
1933), therefore care must be taken that the water in the shallow bowls 
is not warmed by the sunshine, or by heat from the decks or engine. 
In the laboratory the fertilized and developing eggs soon float to the 
top of the water, and can be skimmed off and transferred to fresh sea 
water. If the bowls are placed in baths of running sea water the eggs 
develop quite normally, and hatch out in 60-72 hours. The first pig- 
ment cells to appear are the slender branching melanophores on the 
dorsal surface of the embryo at 27 hours. Later more melanophores 
appear and form the characteristic pattern; a band across the dorsal 
surface of the head at the level of the optic vesicles, and a row along 
the lateral line region. A few migrate to the yolk sac and to the oil 
drop. At 36 hours there appears just behind the optic vesicles a group 
of cells containing yellowish green pigment granules. Soon the granules 
increase in number, the pigment cells fuse, forming two large brilliantly 
green chromatophores persisting at least as long as the fry live in the 
laboratory. Other green chromatophores may appear behind the otic 
vesicles, on the oil drop or near Kupfer’s vesicle. Upon hatching the 
young fry drop to the bottom of the vessel and lie there until they are 
able to swim about easily. 

Normal stages of Fundulus heteroclitus have been described (Op- 
penheimer, 1937). Typical pigment formation has been described, also 
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(Bancroft, Stockard, Newman). Four days after fertilization a first 
head crop of melanophores appears. Another crop appears on the fifth 
day. The pigment cells are of three types: those on the yolk are large 
polygonal melanophores with but few processes, those on the embryo 
are smaller and more branched: the reddish-orange much-branched 
chromatophores found on embryo and yolk sac. On the sixth day, 
when circulation begins, the melanophores of the yolk sac migrate to 
the blood vessels and fuse. The reddish-orange chromatophores also 
arrange themselves along the course of the blood vessels, but do not seem 
to fuse. A number migrate to the lateral line. Melanophores are 
rarely seen in this region, the absence of a visible lateral line being one 
of the species characteristics of the adult F. heteroclitus. After hatch- 
ing few reddish chromatophores are to be found on the exterior of F. 
heteroclitus. 

The melanophores of F. heteroclitus and S. scombrus, the green 
chromatophores of Scomber, and the reddish chromatophores of Fun- 
dulus all contain a granular pigment. No green chromatophores are 
ever present in Fundulus heteroclitus, and no red chromatophores in 
Scomber scombrus. 

Fundulus-Scomber hybrids cleave at the same rate, or more slowly, 
than normal Fundulus heteroclitus. In a series of 15 hybridizations, 
3,097 eggs were fertilized: 3,084, or 99 per cent of these cleaved. 
Many died at gastrulation and during early embryonic life, but 1,205 or 
39 per cent formed advanced embryos. Development in the hybrid is 
slower than in normal F. heteroclitus: pigmentation develops later, the 
heart does not begin to pulsate as early, circulation is feeble, or not 
established in most of the hybrids. As a result, the chromatophores 
remain scattered for a longer period, eventually migrating to the heart, 
or to the site of its attachment to the yolk. As has been noted by Ban- 
croft, Newman and others, the hybrid embryos show various combina- 
tions of the parental types of chromatophores. 

Figure 1 a shows the average melanophore counts for parent and 
hybrid embryos. As their rate of development differs widely stages 
which are equivalent were arbitrarily chosen. Normal F. heteroclitus 
five days after fertilization shows both first and second crops of mel- 
anophores not as yet fused on the blood vessels. Scomber scombrus at 
30 hours shows first and second crops of melanophores also, not yet 
migrated to head and lateral line regions; the hybrids at 7 days showed 
the melanophores well developed, not yet fused. F. heteroclitus em- 
bryos show from 8-18 melanophores, or an average of 13—on the dorsal 
surface; S. scombrus has from 34-51, averaging 40. The Fundulus- 
Scomber hybrid shows a great variation, from 2-44. The majority of 
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hybrid embryos seem to show a tendency to conform to the F. hetero- 
clitus type of distribution, having 8-18 melanophores on the dorsal sur- 
face of the embryos. However, we have seen no normal F. heteroclitus 
embryos of 5 days with over 20 melanophores—the increase in number 
of melanophores present in a large number of hybrid embryos may be 
assumed to be the influence of Scomber scombrus. 
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CHROMATOPHORE INHERITANCE IN THE HYSRID EMBRYOS 


Fic. 2. Chromatophore inheritance in the hybrid embryos. 


Figure 1 b shows the distribution of yolk melanophores, counted 
on the embryonic hemisphere of the same individuals used above. In 
F. heteroclitus the yolk melanophores are large polygonal cells, varying 
from 26-55 in 5-day-old embryos. Scomber scombrus at 30 hours 
rarely shows any yolk melanophores. In the 7-day-old hybrid embryos 
the number varies from 6-80, with scarcely two embryos having identi- 
cal numbers of melanophores. 
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The hybrids can be grouped roughly into three categories: those 
showing green chromatophores of the Scomber type, but no red F. 
heteroclitus type chromatophores: those showing the red Fundulus type, 
but no green Scomber type chromatophores : those showing both red and 
green chromatophores. Figure 2 will show the distribution of 1,205 
ten-day-old hybrid embryos in these three categories. There seems to 
be a very significant relation at first glance, since about equal numbers 
of individuals show only maternal or paternal type chromatophores, and 
about twice as many show both types combined. As a matter of fact, 
examination shows that no two embryos are identical. In the group 
showing green chromatophores only, the individuals range from those 
brilliantly green laterally to some with only a few green head chromato- 
phores: some show green chromatophores on the embryo only, some 
show them on the yolk also. In the group showing only red chromato- 
phores of Fundulus type, the individuals are equally variable, some 
embryos being brilliantly reddish-orange, others grading to some re- 
sembling closely F. heteroclitus embryos. In the large group showing 
both red and green chromatophores there is every conceivable type of 
combination, no two individuals are identical. In addition, the Scomber 
and Fundulus types of melanophores are present in all possible combina- 
tions with the red and green chromatophores, in all three categories. 


No consistency of pigment distribution is found in sets of Fundulus 
eggs from various females, fertilized at the same time by sperm from 
the same mackerel: some may show a preponderance of green, of red, 
or of mixed green and red chromatophores as will be seen in Table I. 


TABLE I 
Green Chromatophores Only Mixed Red and Green Red Only 


These counts were made on eggs from various F. heteroclitus ferti- 
lized by sperm from the same mackerel on June 17, 1939, and counted 
June 27, 1939. 

Unlike Newman, who reports that green chromatophores can be 
found only in hybrid embryos obtained before mid June, we have found 
green chromatophores in the hybrids whenever we got successful 
crosses. 

DiscussION 


Many intergenic and interspecific crosses have been described. 
Some of these “hybrids” do not develop beyond late embryological 
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stages, as is true of the Fundulus-Scomber hybrid we are discussing. 
Here we are dealing with a much wider cross, for the two genera. be- 
long to different sub-orders. They differ widely in ecological relations, 
in habitat, and in structure. Morphological studies of hybrid and parent 
embryos may show significant combinations of structural peculiarities, 
for example: F. heteroclitus has an air bladder, while this structure is 
absent in Scomber scombrus. Cytological studies may show successive 
elimination of chromosomes during early cleavages. It is probable that 
some of the embryos showing only Fundulus type chromatophores, and 
typical Fundulus distribution of melanophores, may be haploid indi- 
viduals. These individuals are rare, however, for even in this group 
one generally finds some Scomber type melanophores, or some Scomber 
effect on the number or distribution of melanophores. (Figure 1, a 
and Bb.) 

It is probable that in the teleosts, as in the amphibians, pigment dif- 
ferentiation depends on neural crest development. If so, it is reason- 
able to suppose that wherever Scomber type chromatophores are present, 
Scomber chromosomes may have been retained throughout cleavage, 
gastrulation and differentiation. 

We have purposely refrained from a discussion of the size of mel- 
anophores and chromatophores in parents and hybrids, for any meas- 
urements would be open to the criticism that metabolic processes in the 
embryo are abnormal, or at least, much disturbed. In shape, the mel- 
anophores of Fundulus are quite distinct and distinguishable (New- 
man and others). In color the reddish chromatophores in the hybrids 
are identical with those of Fundulus heteroclitus, the green chromato- 
phores identical with those of the Scomber parent. 

In the literature on interspecific and intergenic crosses, the F, gen- 
eration is generally reported as intermediate. A closer scrutiny of the 
hybrids may reveal a much wider variation than hitherto suspected, as, 
for instance, in the case of the melanotic hybrids between Platypoe- 
cilius 2 and Xiphophorus ¢ described by Gordon. Apparently a case of 
Mendelian dominance is revealed in the universally melanotic F, genera- 
tion, but there is reported a variation in degree of melanosis in the 
progeny. : 

Earlier reports (Newman, Bancroft) have attempted to explain the 
results of the Fundulus-Scomber hybridizations on the basis of Men- 
delian dominants and recessives, or of “ blending” inheritance. How- 
ever, as no detailed study of pigmentation was attempted, the enormous 
variability actually present in the hybrids escaped attention. 

Pinney, reporting on other inter-sub-order hybrids, reports chromo- 
some elimination during early cleavages. 
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We have at this time no satisfactory explanation for the phenomenon 
presented by the pigment inheritance in this cross, although we may 
assume that there is a complicated random assortment, combination and 
elimination of chromosomes. 

We are indebted to Mr. Robert Goffin of the U. S. Bureau of Fish- 
eries, at Woods Hole, and to the crew of the “ Sagitta” of the Marine 
Biological Laboratory for their assistance in getting to the fish traps 
and obtaining mackerel. We wish also to thank Dr. H. B. Goodrich, 
for his interest, and also Rev. F. W. Ludwig, Ph.D., for help with the 
microphotographs. 


SUMMARY 


1. Methods for hybridizing Fundulus heteroclitus and Scomber 
scombrus are described. 

2. The pigment development in hybrid and parents is described. 

3. Comparison of the inheritance of embryo and yolk melanophores 
reveals a Scomber-effect in the embryo. 

4. The hybrid embryo shows chromatophore inheritance from both 
parents. 

5. Actually, as regards inheritance of melanophores and chromato- 
phores, there is enormous variability, no two embryos being identical 
as to pigment distribution. 

6. This variation in the F, generations is unusual and at present 
inexplicable. 
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THE EFFECT OF INCREASING TIME OF DEVELOPMENT 
AT CONSTANT TEMPERATURE ON THE WING SIZE 
OF VESTIGIAL OF DROSOPHILA MELANOGASTER 


GEORGE CHILD 


(From the Department of Biology, Amherst College, Amherst, Massachusetts) 


INTRODUCTION 


This paper deals with the effect of nipagin (methyl parahydroxy 
benzoate) and poor food conditions on the wing size of the mutant 
vestigial in D. melanogaster. Nipagin is being used in many laboratories 
as an antiseptic for mold control in Drosophila culture media. It was 
found at this laboratory that the time of development of an isogenic 
stock was increased when the larvae were raised on nipagin-treated food. 
This suggested a method for increasing the time of development at 
constant temperature, a new tool in phenogenetic research. 

The effect of temperature on the wing size of vestigial has been 
studied by a number of investigators (Harnly, 1930, 1932; Stanley, 
1928, 1931, 1935; Hersh and Ward, 1932; Li and Tsui, 1936). They 
find that the wing size of vestigial increases with increasing tempera- 
ture. Furthermore, the temperature-effective period occurs during a 
relatively short portion of the larval life. This present work represents 
a different approach to the problem in that it concerns the effect of pro- 
longing the duration of the larval period at constant temperature. 


METHODS 


The culture medium consisted of 850 cc. water, 100 grams corn- 
meal, 150 cc. molasses, 13 grams agar-agar, and 6 grams brewer’s yeast, 
made up in the usual manner. The cultures were seeded with dry yeast. 
In the starvation experiments the dry yeast was not added. The 
nipagin was weighed on a standard quantitative balance and thoroughly 
mixed with the food before pouring. Half-pint milk bottles containing 
60 cc. food were used. 

The isogenic vestigial stock was obtained from Dr. A. Hersh of 
Western Reserve. About 20 pairs were used for egg-laying. It was 
found that the flies did not lay well on the food containing the higher 
concentrations of nipagin. It was necessary to use long egg-laying 
periods of twelve hours and for this reason the time of development 
was determined only approximately for these concentrations. 
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The egg-laying and total development was carried out in an incubator 
held constant at 28° + 0.1°. The incubator was kept in a constant 
temperature (16° + 1.°), constant humidity (60 per cent + 5 per cent 
relative humidity) room. The apparatus is fully described in Droso- 
phila Information Service 6, April 1936. 

As the flies hatched they were examined, the sexes were separated 
and they were placed in vials containing 70 per cent alcohol. An un- 
selected sample of control flies and 0.2 per cent nipagin flies were bred 
for a second generation to determine any “carry-over” effect. The 
wings of the flies were removed under a binocular microscope and 


TABLE [I 


Effect of nipagin on wing size of vestigial. Temperature, 28°+0.1°. 


























| ee ad 
cone, of | — of | _ | l - - 
Nipagin in | Pupation | | | 
ca | ae Length Area | | Length | Area 
eis | hours) No. | oan. in a 2 | No. a. | in on 
+8.e. +8.e. +s.e. +8.e. 
a a ocd il pee a 
0.0 98 | 40 0.85 0.178 14 | 0.76 0.132 
0.017 | +0.0047 | +0.023 | +0.0033 
0.05 104 44 0.90 0.186 25 | 0.91 0.177 
| +0.007 | +0.0043 | +0.035 | +0.0078 
O1 | 112 37 | +090 | 0.171 41 | 0.95 0.189 
+0.015 | +0.0044 +0.024 | +0.0072 
0.2 | 146 | SO | 1.02 0.213 45 1.06 0.221 
+0.003 | +0.0094 |} +0.035 | +0.0094 
Carry-over effect 
F, from random sample of .2 per cent nipagin-treated flies 
0.00 103 | 31 | 0.95 | 0.206 | 38 | 0.85 0.167 
| +0.023 | +0.0055 | | +0.0075 | +0.0038 
} | | | 


mounted on slides with a drop of cedar oil. The right wing was used 
unless it was torn or mutilated. 

The wings were projected with a Proni projection apparatus. The 
magnification set at 75 & was checked periodically with a stage microm- 
eter. The periphery of the wings were traced and from these tracings 
the maximum lengths and areas were measured. A Glogau vernier 
caliper and a Keuffel and Esser planimeter were used. 

In the later experiments 0.1 per cent nipagin was used. It was sus- 
pected that nipagin produced its effect by slowing down the growth of 
yeast and thereby decreasing the food supply. To check this a number 
of cultures were prepared with no addition of live yeast. In these non- 
















434 GEORGE CHILD 


seeded bottles a number of old larvae were added after the egg-laying. 
This was done to remove any yeast carried in on the bodies of the adult 
flies. 

The time of development was determined by removing pupae at in- 
tervals of four hours and placing them on agar slants. Many of these 
flies were used for a second generation test. The matings were control 
control, control dé & nipagin-treated 22, control ?? & nipagin-treated 
$$ etc. to determine how much of the carry-over effect was maternal or 
paternal. 


Fic. 1. A normal 28° vestigial wing compared with wings from 28° nipagin 
treated flies. 


EXPERIMENTAL 
The Effect of Varying Concentrations of Nipagin 


In these experiments the larvae were raised on nipagin-treated food 
to determine the effect of nipagin on the time of development and wing 
area. The concentrations of nipagin used were 0.05 per cent, 0.1 per 
cent, 0.2 per cent, 0.4 per cent, and 0.8 per cent of the food weight. A 
few larvae in the 0.4 per cent and 0.8 per cent developed to pupation 
but failed to hatch. It was found that the time of development in- 
creased with increasing concentrations of nipagin, the 0.2 per cent 
pupating two days later than the controls. 

Table I shows the wing length and area as affected by nipagin. With 
one exception, the 0.1 per cent for females, the lengths and areas of the 
vestigial wings increase with increasing concentrations of nipagin. The 
wing size of the control males is smaller than that of the females. With 


increasing concentrations of nipagin, however, the male wing size in- 
creases faster than the female. At 0.1 per cent and 0.2 per cent the 
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male wings are larger than the female. A similar result is obtained with 
temperature, the male wing size exceeding that of the females at high 
temperature (Harnly, 1930; Stanley, 1931). 

It was found when preserving the flies at hatching, that with in- 
creasing time of development there was an apparent increase in wing 
size within each nipagin-treated population. The change in wing size 
due to nipagin is, therefore, greater than the means given in Table I; 
these means having been obtained by including all the flies in a given 
population irrespective of their time of development. This general re- 
sult has been recently reported by Braun (1939) on notch. 


TABLE II 


Relation between time of pupation and wing area. Control series. 
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mean time, 93.2+0.87 hours | mean time, 96.1+1.24 hours 
mean area, 0.139+0.004 sq. mm. | mean area, 0.156+-0.0035 sq. mm. 


Figure 1 illustrates the appearance of the larger wings obtained from 
a 0.2 per cent nipagin population as compared with a “ normal” ves- 
tigial wing. The larger wings simulate the expression of other vg. 
alleles when raised under normal environmental conditions. 

The results obtained by raising a random sample of 0.2 per cent 
nipagin-treated flies for another generation but in untreated food are 
shown in Table I. Both the mean length and area show a significant 
carry-over effect. Some of these data had been reported previously 


Child and Albertowicz, 1936). 
) 


Effect of Time of Development 


In the second series of experiments the relation between time of 
development and wing area was determined. Starvation and 0.1 per 
cent nipagin were used. The larvae were removed from the culture as 
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they pupated and the areas of the wings were determined separately for 
each pupating group. The results (Table II) indicate that in the con- 
trol series there is no apparent effect of time of development (from egg- 
laying to pupation) on the size of the wings. The larvae pupate be- 
tween 82 hours and 114 hours and the wing areas among the different 
groups do not differ significantly from one another. 

The time of development is very markedly increased in the nipagin 
and starvation series (Tables III and IV). The wing areas of the 
various groups show greater differences than in the control series. 
There is an apparent relation between the time of pupation and wing 


TABLE III 


Relation between time of pupation and wing area after treatment with 
0.1 per cent mipagin. 
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Time of Pupation - 
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Area in mm. 





93 | 0.158 
97 0.231 
101. | 2 0.437 
107 3 0.299 
118 | 0.368 
129 0.592 
141 0.517 
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mean time, 152.4+3.39 hours | mean time, 163.5+3.81 hours 
mean area, 0.315+0.0113 sq. mm. | mean area, 0.185 +0.0044 sq. mm. 





area. This relation is more easily observed on the imagoes as they 
hatch. With increasing time of development the larvae (and the flies) 
become smaller and smaller so that the relative difference between wing 
area and body size is very great in the delayed flies although the absolute 
area increases and then decreases. Unfortunately the body size of the 
adults was not measured and we are unable to show this difference 
quantitatively. 


The Carry-over Effect 


The carry-over effect was studied using normal food. To determine 
whether both sperm and eggs from treated parents transmitted the fac- 
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TABLE IV 


Relation between time of pupation and wing area after starvation. 
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mean time, 116.4+2.53 hours mean time, 115.0+2.13 hours 
mean area, 0.254+0.0174 sq. mm. mean area, 0.213 0.0102 sq. mm. 





tors for increased wing size, treated males and females were mated with 
control females and males respectively. Treated males were also mated 
with treated females. The results of these various reciprocal crosses 
are shown in Table V which also includes the control areas and the 
means of Tables II] and IV. The carry-over effects are more apparent 


TABLE V 
Effect of .1 per cent nipagin and starvation. 
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Starved X Control ¢@ 0.2 116 0.192 +.0060 
Nipagin X Nipagin 0.2 116 0.174+.0042 
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in the male offspring than in the female offspring, since in the latter the 
total effect is smaller. The time of development is only approximate, 
not having been measured by pupa removal but by simply noting the 
time when about half the larvae had pupated. It is quite evident that 
in all of the matings the wing areas are greater when affected flies of 
either sex are used as parents. When treated females are used as 
parents the difference is greater than when males are used. Treated 
males and females as parents have offspring with greater wing areas than 
those obtained when only one treated parent is used. Starvation of the 
parents seems to produce a greater effect in the offspring than nipagin 
treatment. 


DISCUSSION 


It is well known that with increasing temperature there is an increase 
in the wing size of vestigial. A sharp increase is not obtained, however, 
until very high temperatures are reached. It is generally accepted that 
temperature produces its effect by affecting differentially the rate or 
duration of the “ vestigial reaction’ as compared with the rate or dura- 
tion of other developmental processes. By vestigial reaction we mean 
the developmental reaction or reactions in the vestigial fly which differ 
in rate or duration from the reactions in their isogenic wild type. 

In the experiments with nipagin there is little reason to suspect that 
the change in wing size is due to a direct effect of nipagin on the ves- 
tigial reaction. The evidence, moreover, indicates that nipagin produces 
its effect by increasing the time of development. The temperature- 
effective period of the vestigial reaction is known to occur during a 
portion of the larval development. Thus, by increasing the larval period 
at constant temperature an effect on the vestigial wings will be produced 
if the duration of the vestigial reaction as compared with the rest of 
development is differentially affected. It appears from these results 
that such is the case. 

In the first experiments, using varying concentrations of nipagin, it 
appeared that this chemical increased the time of development by de- 
creasing the food supply. The yeast did not grow very well in the 
treated food although all bottles started with equal amounts of dead 


brewer’s yeast and live yeast. The starvation experiments showed that 


this was the case. There was a definite increase in the time of develop- 
ment in wing area under both types of environmental conditions. 

As stated previously, the exact relation between time of develop- 
ment and wing area is obscured because of the decrease in the size of 
the fly with increasing time of development. Under normal conditions 
the larvae begin to pupate at 82 hours and the last larvae pupate at 114 
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hours in these experiments. This variation is great because of the four- 
hour egg-laying periods but with even shorter egg-laying periods a 
spread of 18-24 hours is obtained (Powsner, 1935; Child, 1935). 

This variation is a direct corollary to the nature of development 
which as Wright (1934) points out is the result of a large number of 
physical and chemical reactions, the rates and durations of which are 
determined by the history of the organism prior to the stage in question, 
correlative reactions within the organism, external environmental fac- 
tors, actions of the genes within each cell, etc. In the highly hetero- 
geneous systems of a developing larva these reactions will not go on 
at exactly the same rates in all organisms and there will of necessity 
be a spread in time of development as well as wing area under normal 
conditions but no correlation between these measurements. However, 
when an additional factor, lack of food, is superimposed upon this nor- 
mal variation a new set of conditions prevails. The duration of the 
larval (feeding stage) period is lengthened, various reactions may pro- 
duce minimal or even subminimal concentrations for further develop- 
ment and development will become somewhat disorganized. In other 
words, there will be a differential effect on the rates and durations of 
many embryological processes resulting in a modified phenotype. Un- 
der such conditions there will be a definite correlation between time of 
development and wing area. 

With this general hypothesis in mind it is possible to postulate a 
number of mechanisms to account for the increased wing size. A 
simple scheme would allow the wing formation reactions to proceed at 
their normal rate but the developmental reactions which normally paral- 
lel them are slowed down, especially those reactions which determine 
the time at which the wing development stops. This would permit of 
an increased wing area. With further starvation even the wing reac- 
tions are slowed down or produce subminimal concentrations and the 
size of the wing decreases. This outline is, of course, very general and 
is not the only one which can be postulated. It merely illustrates how 
the general theory can be utilized. 




































Carry-over Effect 






The carry-over effect experiments were unfortunately not extended 
beyond the first generation. They show, however, that there is a defi- 
nite effect on the offspring of parents raised under poor food condi- 
tions—a sort of dauermodification (Jollos, 1934). It is well known 
that starved flies lay smaller eggs than normal ones. Powsner (1935) 
found that eggs laid by flies raised on poor food had a longer develop- 
mental period than eggs laid by flies raised on good food. If this delay 
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in development were the only factor involved a definite carry-over effect 
should be expected on the maternal side. In these experiments, how- 
ever, there was also a paternal effect. To account for this result one 
must assume an effect of starvation on developing sperm. This may 
concern the small amount of cytoplasm carried by the sperm or perhaps 
a direct effect on its genic material. 

The recent series of investigations at Columbia University by Ritten- 
berg, Schoenheimer, Clarke and others in which deuterium, isotopes of 
nitrogen, and other elements were used to follow intermediary metabo- 
lism may bear on this problem. These workers have shown that many 
of the organic substances in protoplasm, even proteins, are not in a 
static condition. The “living proteins” are constantly interacting with 
their environment and may exchange their hydrogen for deuterium, 
and even nitrogen for one of its isotopes. Thus the composition and 
behavior of protoplasm is directly modified by the composition of its 
environment. Should the chromosomes or the genes behave in this 
kinetic manner of extracting substrates from the cytoplasm and releas- 
ing equivalent substances in exchange, we would have a mechanism for 
the production of these starvation effects and other dauermodifications, 
production of immunity, even differentiation during ontogeny. It is 
necessary, of course, to assume that the cytoplasm of the treated flies 
differs from that of normal cytoplasm. In this manner a modified cyto- 
plasm may produce a change in the chromosomes. It is also of interest 
to note that if this is the case, we have a mechanism for an “ inheritance 
of acquired characters,” not in the old sense of the phrase but on a 
molecular level. This would allow the environment to produce “ ge- 
netic changes ” which need not be permanent. These “ mutations ” could 
return to normal in one or more generations. Plough and Ives (1935) 
found that variations continued to appear in generations later than those 
actually treated with a high temperature of 36.5° for 24 hours. These 
variations decreased in number in subsequent generations. 

These experiments are to be continued for a number of generations. 
The original vestigial stock used has been discontinued in this laboratory 
and another isogenic stock is being prepared. 


SUMMARY 


The time of development of an isogenic vestigial stock of D. melano- 
gaster was increased by two methods: (1) by adding nipagin (ethyl 
parahydroxy benzoate) to the food, and (2) by adding only very little 
yeast to the food. Both methods are essentially the same in that the 


developing larvae are under starvation conditions. With increasing 
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concentration 0.05, 0.1, 0.2 and 0.4 per cent, there was an increase in 
the time of development and increase in the size of the wings, males 
showing a greater effect than females. The large wings resembled those 
of other vestigial alleles raised under normal conditions. 

In another series of experiments 0.1 per cent nipagin and starvation 
were used. The larvae were removed from the culture as they pupated, 
to determine the relation between time of pupation and wing size. The 
first flies to pupate did not differ significantly in wing size from con- 
trols at that temperature. With increasing time of development there 
was an increase in wing size. Larvae which were very much delayed, 
however, developed into small flies with small wings. These wings, 
although small, were more differentiated and larger than the control 
wings. 

The “carry-over” effect was studied using normal food. The 
treated females and males were mated with control males and females 
respectively. Treated males were also mated with treated females. The 
wings of flies from the latter mating showed the greatest carry-over 
effect. Treated females by control males resulted in flies having a 
significantly larger wing size than flies from the reciprocal cross. These 
results indicate that there is a definite effect on the germ cells of flies 
raised under starvation conditions, which effect shows itself in the sub- 
sequent development of the zygote. 
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THE METHOD OF FEEDING OF TUNICATES 
G. E. MacGINITIE 


(From the William G. Kerckhoff Marine Laboratory of the 
California Institute of Technology) 


INTRODUCTION 


This, the second of a series of papers (MacGinitie, 1939) on the 
feeding mechanisms of marine invertebrates, deals with the method of 
feeding in three tunicates, namely, Ciona intestinalis (Linn.), Ascidia 
californica Ritter and Forsyth, and Diplosoma pizoni Ritter and Forsyth. 
The first two are simple ascidians and the latter is a colonial form. 
Since both simple and colonial forms have been investigated, I feel that 
it is fairly safe to state that the method described below is typical of all 
ascidians. 

Young specimens of Ciona intestinalis and of Ascidia californica, 
especially those which have been reared in the laboratory, are quite trans- 
parent, and the observations here recorded were made upon animals 
which were in no way disturbed while they were carrying on their 
natural feeding activities. The same can be said of Diplosoma pizoni, 
as the matrix of the colony is perfectly clear and transparent. All 
observations were made upon undisturbed individuals of the colony. 


MECHANISM FOR FEEDING 


The structures which are strictly connected with the feeding activi- 
ties of tunicates are the endostyle with its mucous glands, the peri- 
pharyngeal grooves, the dorsal groove, the stigmata, the esophagus, and 
the cilia lining all grooves, bars and the inner edges of the stigmata. 
The pharynx or branchial basket has been too well described in text- 
books of zoology to make it necessary to redescribe it here. A current 
of water is maintained through the branchial cavity almost continually, 
whether the animal is feeding or not. The only time that the current 
is stopped is when the animals are left exposed by the tide or when they 
have been disturbed by some outside stimulus, and at such times the oral 
aperture and atriopore are usually closed. 

The cilia lining the stigmata and the branchial basket may be divided 
into two groups, each group having a particular function. Those lining 
the stigmata have the function of maintaining the current of water, 
while those on the inner surface of the branchial bars and in the endo- 
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style, the peripharyngeal grooves and dorsal groove have the function 
of moving mucus. 


Foop AND THE METHOD OF FEEDING 


The endostyle is richly supplied with mucous glands, and when a 
tunicate starts to feed it begins to secrete mucus throughout the length 
of the endostyle. This mucus is moved by the cilia of the branchial 
bars around the branchial basket in two sheets, one on either side. 
When the edges of the mucous sheets arrive at the dorsal groove, they 
are taken up by it and formed into a thread, and this string is passed 
posteriorly along the dorsal groove to the esophagus. The function of 
the peripharyngeal grooves is to hold and move the oral ends of the two 
mucous sheets. 

The water entering the branchial basket through the oral funnel 
passes into the atrial cavity through the stigmata in all directions with 
the exception of the region of the endostyle and dorsal groove, and when 
the animal is feeding such water must also pass through the sheet of 
mucus which covers the interior of the basket. This mucus intercepts 
and entangles all solid material entering with the water, and such 
material comprises the food of tunicates. On rocky shores it consists 
almost entirely of plankton, often greatly enriched by algal spores from 
seaweeds. Within the estuaries it consists largely of material in sus- 
pension, mainly stirred-up detritus from the shores and bottom. Dur- 


ing the summer season in Southern California this detritus in suspension 


is usually enriched by one or more species of dinoflagellates. 

While a tunicate is feeding mucus is constantly being secreted, and 
the mucous sheets covering the inner walls of the branchial basket move 
continuously from the endostyle toward the dorsal groove. Hence, 
while the tunicate is feeding, the food-laden thread of mucus enters the 
esophagus in an unbroken string. As it enters the stomach this mucous 
string is folded back and forth and remains intact for some time. It is 
only that portion near the pyloric valve that coalesces and becomes semi- 
liquid as it passes into the intestine. 

Although the cilia of the stigmata and branchial basket beat almost 
continuously, the mucous sheets are formed discontinuously. Upon the 
least disturbance the animals will cut off the secretion at the endostyle, 
and the remnants of the mucous sheets will continue to pass around to 
the dorsal side until the ends reach the dorsal groove. From then on 
until the animal begins to feed again the branchial basket is practically 
free of mucus. When a tunicate is not feeding, small particles may be 
seen to pass readily through the stigmata into the atrium and out with 
the atrial current. 
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If material which is foreign to the usual run of food material is 
introduced into the current of water entering the oral funnel, feeding 
will cease at once, and the undesirable material will be quickly forced 
from the branchial basket by a quick contraction of the body wall. The 
current will be renewed immediately, and, if no further undesirable ma- 
terial is taken in, feeding will soon be resumed. If the stimulus from 
the introduced material is rather strong the animal will cease feeding 
and will forcibly eject what water is in the branchial basket and atrium, 
and will remain closed for a considerable length of time, depending 
upon the strength of the stimulus. 

In tunicates there is a ring of tentacles which interlace across the 
oral funnel which prevents the entrance of large particles. Such large 
particles as do find their way into the branchial basket are not incor- 
porated in the mucus, but are in some way dropped from it into the 
branchial basket, and at intervals are forcibly ejected from the oral 
funnel by a sudden contraction of the body wall of the tunicate. 

It is characteristic of animals which use mucus to entrap their food 
that they are able to drop from such mucus at least a portion of the 
undesirable material which is entrapped. Just how this is accomplished 
is not at present clear. It may be that the cilia which move the mucus 
can, by pressing outward through the mucus cause such particles to drop 
out. Many animals have specialized regions where the cilia perform 
this function. In the tunicates it is the cilia bordering the dorsal groove, 
in the pelecypods (future paper) it is the cilia of the lower edge of the 
gills and those of the labial palps, and in the echiuroid Urechis it is the 
outer cilia bordering the proboscis. In such regions the cilia are usually 
considerably larger than elsewhere. 

When large particles strike the tentacles of the oral funnel they are 
usually blown away by a quick contraction of the mantle wall with little 
cessation of the feeding current. As most single tunicates hang verti- 
cally with the osteum downward one ejection movement serves to re- 
move the large object. But, because of the separate action of indi- 
viduals of a colony, a particle upon the surface of a colonial form which 
is fairly level may be bounced over the surface for some time before it is 
carried away by currents or is rolled over the edge. Since there is a 
constant current out of the atriopore (which in colonial forms may be 
common to several individuals), no particles find their way into the 
atrium and no tentacles are necessary, for if the current is stopped the 
atriopore closes. 

As has been stated above, the cilia beat almost continually, and nor- 
mally when the tunicate is not feeding most of the solid particles pass 
through the stigmata and out the atriopore. However, even when the 
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branchial basket is not lined with the mucous sheets, some of the solid 
particles may find lodgment upon the ciliary tracts lining the branchial 
basket (particularly those of the endostyle, peripharyngeal grooves and 
dorsal groove), and will follow more or less the definite tracts. This is 
especially true of specimens that are handled or cut open, since they may 
secrete mucus along these grooves, whereas normally they would not do 
so. The mucus which carries such particles as are transported along 
these ciliary tracts may enter the esophagus or may be dropped into the 
branchial basket and be ejected through the oral funnel. The more or 
less abnormal performance just described has led to the erroneous ideas 
found in textbooks about the feeding of tunicates. 


Cit1ary ACTION 


The ciliary action of Ascidia californica was studied in detail. The 
oral aperture, the atriopore, the cilia of the basket, and the cilia of the 
stigmata may all function independently of each other or they may all 
function together. The cilia of the stigmata may be stopped without 
stopping those of the basket. When the cilia of the stigmata cease 
vibrating they lie down against the edges of the openings, leaving the 
stigmata wide open. However, when the animal is contracted the edges 
of the stigmata are approximated and the openings closed. At such 
times, of course, the cilia are still and lie flat against the sides of the 
openings. 

After the cilia have been stopped they resume their beating by start- 
ing to vibrate in a small circle at the center of the stigmatal opening, and 
this ring spreads towards either end of the opening until all are again 
beating. The beating cilia surrounding a stigmata remind one of an 
elongated wheel organ of a rotifer or a veliger larva. In the ascidian 
investigated the apparent movement was in an anti-clockwise direction 
as viewed from the outside. 

There is no doubt that the cilia of the branchial bars, ridges and 
grooves actually hold and move mucus. The cilia seem partially to 
enter the sheet of mucus and force it forward. During part of the beat 
the cilia are more or less hooked into the mucus and this serves to hold 
it so that the cilia following are able to penetrate and in turn do their 
share of pushing and holding. This action of the cilia is further evi- 
denced by the fact that the mucous sheet which is present on the inside 
of the basket when the animal is feeding has in it waves which cor- 
respond to the wave motion of the cilia. These waves in the mucus 
appear when water heavily laden with food is introduced into the oral 
funnel. As the food material collects in the mucous sheet it sometimes 
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appears in streaks which are more accentuated as the mucus nears the 
dorsal groove. 


SUMMARY 


1. The feeding method of Ciona intestinalis and Ascidia californica 
(simple ascidians), and of Diplosoma pizoni (a colonial form) was 
investigated. 

2. Tunicates feed by straining the solid material from a current of 
water as it passes through a thin film of mucus lining the branchial 
basket. 

3. The mucus is constantly secreted at the endostyle and is con- 
tinually moved to the dorsal groove in two sheets which line the interior 
of the basket. The dorsal groove forms the edges of the food-laden 
sheets into a thread which is passed posteriorly to the esophagus and 
enters it in an unbroken string. The peripharyngeal grooves serve 
to hold the anterior ends of the mucous sheets and move them around 
to the dorsal groove. 

4. When a tunicate is not feeding, the inside of the branchial basket 
is not lined with mucus, and the solid materials pass out with the atrial 
current. 

5. Some sorting is carried out by the cilia of the dorsal ridges. The 
cilia which line the openings of the stigmata, and whose vibration 
creates the current of water passing through the basket, may be stopped 
without stopping the cilia lining the basket or without closure of the 
oral aperture and atriopore. 

6. After the cilia lining the stigmata have been stopped they com- 
mence to beat in what appears to be a ring at the center of the opening. 
The cilia of one side of a stigmata are in perfect synchronism with those 
of the opposite side of the opening, and, by the continual inclusion of 
other cilia, all finally vibrate and resemble somewhat an elongated wheel 
organ of a rotifer. 
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TEST SECRETION IN TWO SPECIES OF FOLLICULINA 







VIRGINIA C. DEWEY 


(From the Arnold Biological Laboratory, Brown University and The Marine 
Biological Laboratory, Woods Hole, Massachusetts) 







INTRODUCTION 


The fact that Folliculina passes through a free-swimming stage at 
some point in its life cycle was recognized by Wright (1859) and by 
Claparéde and Lachmann (1858-61). The former author observed 
the transformation of the free-swimmer of F. producta into the adult 
form, but did not discover the mode of origin of the “larva” nor any 
details of the metamorphosis. For this reason these observations were 
later questioned by Stein (1867), but they are completely confirmed by 
more recent work. That the larvae are formed as the result of cell 
division was pointed out by Mobius (1887), but the presence of a larva 
and an adult lying side by side in a single test he interpreted as a case 
of longitudinal division. In his figures he even shows an “ umbilical 
cord ” projecting laterally from the larva. Folliculinas do not, however, 
depart from the general rule of transverse division in ciliates as was 
pointed out by Sahrhage (1917). Andrews (1920) has shown that 
free-swimming larvae may also result from the dedifferentiation of an 
adult form. 

Test secretion and metamorphosis are described by Penard (1919) 
for F. boltoni, a freshwater species. Too few details are given to de- | 



























cide whether or not this species passes through the same stages as are 
described for F. producta by Andrews (1923) or for F. simplex (pre- 
viously called F. ampulla) by Fauré-Fremiet (1932). Observations on 
F. aculeata and F. elegans indicate that the process of test formation is 
somewhat different in these species. During the summer of 1936 at ; 
Woods Hole, while examining fresh preparations for specimens of 
Folliculina, a form was discovered of which no description could be 
found. The posterior part of the body resembled that of a Folliculina 
seen on the slide, but the anterior portion was drawn out into one long, 
slender, flexible process bearing membranelles only at the end. Circum- 
stantial evidence pointed to the conclusion that these forms represented 
a stage in the life history of Folliculina. Definite proof of this theory 
was lacking, since the larvae did not remain in good condition long 
enough for complete transformation to take place. This stage has evi- 
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dently been noted by Fauré-Fremiet (1936), but his descriptions are not 
detailed. In order to obtain more complete evidence concerning the 
significance of this stage in the life cycle, observations were resumed in 
1939. A complete life history can now be given placing this stage in 
its proper sequence. 

The classification of the members of the family Folliculinidae is still 
in a somewhat unsatisfactory state in spite of the fact that a number of 
investigators have given the matter a great deal of attention. The sep- 
aration of the genus Folliculina into a large number of species on the 
basis of characteristics which are subject to considerable variation seems 
to be the rule. For this reason the classification given by Fauré-Fremiet 
(1936), in which several species which have a number of common 
characteristics are combined into a single species, is to be preferred. 
Two species, as described by this author, F. aculeata and F. elegans, 
seem to prevail at Woods Hole. The two are alike in many ways; the 
chief differences are in size, the presence or absence of pointed tips on 
the peristomeal lobes and in the pigmentation of the animal and of the 
test. Since all of these traits are subject to variation, so that one species 
may resemble the other very closely, it was difficult to determine which 
species was under observation. Certain organisms, however, presented 
all the criteria of one species or the other. Since the greater number 
of individuals observed were of a paler color and possessed the pointed 
peristomeal lobes characteristic of F. aculeata, this species is figured. 
The only point in which they differed from the descriptions of Fauré- 
Fremiet was in the color of the test which was often colorless or faintly 
blue. Both species have an ovoid nucleus, but, as in F. boltoni, it is 
often notched or bi-lobed. 


METHODS 


The organisms were collected by placing glass slides in crystallizing 
dishes containing quantities of the hydroid Tubularia and leaving them 
for several days in running sea water. The slides were then removed 
and placed in Petri dishes containing sea water. Observations were 
made with a binocular dissecting microscope, with the 16 mm. objective 
of a compound microscope or with a water immersion lens (40 X). In 
order to maintain the organisms in good condition over periods of sev- 
eral hours, a stream of fresh sea water was run into the dish while on 
the stage of the microscope. The overflow was carried off by means of 
an inverted siphon. Temperature readings were regularly recorded and 
during the time that the observations were being made the temperature 
of the sea water varied from 21° C. to 24° C. 
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OBSERVATIONS 


The complete life history of a larva resulting from cell division, from 
the time of departure from the test containing the sister cell until the 
adult form was attained, was followed for a number of individuals. In 
some cases free-swimming larvae were found and their subsequent his- 
tory observed. In a few cases it was found that adult forms dedifferen- 
tiated into the larval form, left the test and settled down to secrete a 
new test. 

After cell division (Fig. 1) the anterior individual, which will even- 
tually leave the test as a free-swimming larva, remains for from 30 to 
60 minutes in the test contracting and extending beside its sister cell, 
which remains attached and which has already begun the metamorphosis 
into the adult form. At each extension of the larva the anterior end is 
projected farther and farther out of the neck of the test until finally the 
whole organism is free. The swimming stage (Fig. 2) may last for 
from 15 to 90 minutes, during which time the larva swims slowly along 
the substratum or more rapidly near the surface of the water in the dish. 
At intervals it pauses to contract and extend itself at one spot and then 
swims on. Just before the larva settles down to secrete its test it may 
be seen to repeat this process of contraction and elongation a number of 
times in a single spot, changing direction each time it contracts until it 
has described a complete circle at least once and sometimes several times. 
[It then flattens itself out on the substratum and its outlines become very 
irregular (Fig. 3). Occasionally larvae were seen secreting tests at- 
tached to the surface film of the water as described by Wright in 1859. 
This flattened stage lasts for several minutes, after which time it is dif- 
ficult to dislodge the organism from the slide even with a fairly strong 
stream of water. It is at this time that a broad layer of cement sub- 
stance is being secreted which will serve to attach the test to the sub- 
stratum. During this stage and for the entire time that the test is being 
secreted the anterior end of the animal is raised above the rest of the 
body. 

Having attached itself firmly, the animal now assumes a more regular 
ovoid form, becoming thicker and rounder (Fig. 4). Soon granules 
may be seen around the body among the cilia. These collect all around 
the periphery and harden to form the bottle-shaped part of the test. 





Fics. 1-4. Folliculina aculeata. XX 300. 


Late division stage. Macronucleus not yet completely divided. 
Free-swimming larva. 
Larva flattened out on the substratum during the process of cement 
secretion. 
Fic. 4. Beginning of the secretion of the test. 
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Fics. 5-8. Folliculina aculeata. X 300. 
Fic. 5. Side view of larva with long proboscis at the beginning of secretion 
of the neck of the test. 
Fic. 6. Same as Fig. 5. Neck secretion nearly completed. 
Fic. 7. Same as Fig. 5. Top view. 
Fic. 8. Beginning of secretion of the collar of the test. 
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The upraised anterior portion of the body secretes the base of the neck 
of the test. As the formation of the body of the test is completed, the 
anterior end of the animal elongates to form a proboscis-like projection 





Fic. 9. Adult Folliculina aculeata. X 300. 


of about the same length as the body. Upon the end of this proboscis 
the membranelles are borne (Figs. 5, 7). The proboscis is seen to 
sweep about in circles and while it is present the neck of the test becomes 
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longer and the spiral rings are laid down (Fig. 6). This stage is ob- 
served about 50 to 75 minutes after the larva has become attached and 
lasts about 70 to 100 minutes. 

It is difficult to state whether or not this stage has previously been 
described. Penard (1919) states that Lachmann observed the fixation 
of a larva of F. elegans “after which . . . at the anterior end a mem- 
branous extension appeared, which I should be disposed to consider as 
moribund phenomena” (p. 312). Upon referring to the original paper 
this stage is described as presenting an “ épanouissement membraneux ” 
(p. 219). This seems clearly to refer to the next stage to be described 
in this cycle. It is improbable that this is an abnormality in the develop- 
ment, since this stage was observed in every larva whose development 
was followed. In the metamorphosis of F. producta and F. simplex 
this stage is apparently lacking (Andrews, 1923; Fauré-Fremiet, 1932). 
The figures of Fauré-Fremiet (1936) cannot be definitely identified 
with this stage. 

Upon completion of the tubular part of the neck of the test, the 
proboscis is retracted and a double fold of cytoplasm is extended around 
the opening to form a collar (Fig. 8). During the 55 to 115 minutes 
that this stage lasts the collar of the test is secreted. When this has been 
finished the cytoplasm frees itself from the rim of the collar and the 
ragged edges are withdrawn into the test. In this contracted state the 
animal remains for from 3 to 5 hours. The changes occurring during 
this time are described in detail by both Andrews and Fauré-Fremiet 
and seem to be essentially similar in all forms. At the end of this 
period the animal protrudes from the test the long peristomeal lobes 
characteristic of the adult form (Fig. 9) The entire process of test 
secretion and morphogenesis may take from 4% to 8% hours. 


A single small larva of a yellow color, probably F. viridis, was dis- 
covered on the slide in the early stages of test secretion and was fol- 
lowed through to the adult stage. The development followed that of 
F., aculeata and F. elegans, although the proboscis was relatively shorter 
than in these species and the peristomeal lobes of the adult were smaller 
and more rounded. 

I acknowledge gratefully the advice and encouragement of Dr. 
George W. Kidder. 





SUMMARY 





1. Test secretion and metamorphosis in Folliculina aculeata and 
Folliculina elegans are described. 
2. These processes may be divided into the following six stages: 
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a. The free-swimming stage. 

b. The stage of cement secretion. 

c. The secretion of the body of the test. 

d. The secretion of the neck of the test, during which process the animal 
puts forth a long, proboscis-like projection. This stage is, as far 
as is known, peculiar to F. aculeata, F. elegans and F. viridis and 
has not been described before in detail. 

e. The secretion of the collar of the test. 

f. Formation of the peristomeal lobes characteristic of the adult. 


LITERATURE CITED 


Anprews, E. A., 1920. Alternate phases in Folliculina. Biol. Bull., 39: 67-87. 

AnpreEws, E. A., 1923. Folliculina: Case making, anatomy and transformation. 
Jour. Morph., 38: 207-278. 

CLAPAREDE, E., AND J. LACHMANN, 1858. Etudes sur les Infusoires et les Rhizo- 
podes.. Imprimerie Vaney, Genéve. 

FauRE-FREMIET, E., 1932. Division et morphogenése chez Folliculina ampulla 
O. F. Miller. Bull. Biol. France et Belg., 66: 77-110. 
FAuRE-FREMIET, E., 1936. La famille des Folliculinidae (Infusoria Heterotricha). 
Mém. Mus. Roy. d’Hist. Nat. Belg., Ser. 2, Fasc. 3, pp. 1129-1175. 
Mosius, K., 1887. Das Flaschentierchen, Folliculina ampulla. Abhandl. d. 
naturwiss. Vereins in Hamburg, 10: 3-14. 

Penarp, E., 1919. On Folliculina boltoni (S. Kent). Jour. Roy. Mic. Soc., pp. 
305-319. 

SAHRHAGE, H., 1917. Uber die Organisation und den Teilungsvorgang des Flas- 
chentierchens (Folliculina ampulla). Arch. f. Protist., 37: 139-174. 

STEIN, F., 1867. Der Organismus der Infusionsthiere. II Abth., Wilhelm Engel- 
mann, Leipzig. 

Waicut, S., 1859. Description of new protozoa. Edin. New Phil. Jour., N. S., 

10: 97-100. 











INDEX 


A BELL, Ricuarp G. Quantitative 

“studies of the rate of passage of pro- 
tein and other nitrogenous sub- 
stances through the walls of growing 
and of differentiated mammalian 
blood capillaries (abstract), 320. 

AsrAMowlt1z, A. A. A new method for 
the assay of intermedin (abstract) 
327. 

——,R. K. anp A. A. Moulting and 
viability after removal of the eye- 
stalks in Uca pugilator (abstract), 
326. 

Activation, Cumingia and Arbacia eggs, 
by bivalent cations (abstract), 333. 

Appison, Witi1amM H. F. On the his- 
tology of the mammalian carotid 
sinus (abstract), 314. 

“Agglutination” with spermatozoa of 
Chiton tuberculatus, 157. 

Alcohols, permeability-decreasing effect, 
on human erythrocyte (abstract), 
320. 

Alkaline earths, stabilizing action on 
crab nerve membranes (abstract), 
309. 

Atsup, Frep W. Photodynamic action 
in the eggs of Nereis limbata (ab- 
stract), 324. 

Amblystoma punctatum embryo, differ- 
entiation of isolated rudiments (ab- 
stract), 299. 

Amoeba, growth and structure, as af- 
fected by kind of food, 391. 

, vacuole systems (abstract), 334. 

ANDERSON, PRISCILLA L. See Goodrich 
and Anderson, 184. 

ANDERSON, RuBerRTS. The x-ray effect 
on the cleavage time of Arbacia 
eggs in the absence of oxygen (ab- 
stract), 325. 

Androgenetic development, egg of Rana 
pipiens, 233. 

ANGERER, C. A. The effect of electric 
current on the relative viscosity of 
sea-urchin egg protoplasm, 399. 

Animal jellies, chemical and mechanical 
properties (abstract), 331. 


Aphids, female, germaria in ovariole 
differentiation, 135, 

Arbacia egg, activation by bivalent ca- 

tions (abstract), 333. 

, Cleavage, effects of Roentgen 
radiation on related phenomena, 
331. 

cortex, response to chemical 
and physical agents, in absence of 
oxygen (abstract), 335. 

, fertilized, oxygen consump- 
tion and cell division, in presence of 
respiratory inhibitors (abstract), 
318. 

,intra-cellular distribution of 
reducing systems (abstract), 328. 

, Pigment granules (abstract), 
310. 

——, hermaphroditic, 74. 

——, method of determining sex and 
producing twins, triplets and quad- 
ruplets (abstract), 312. 

—— punctulata egg, cleavage delay 
after irradiation while closely packed 
in capillary tubes (abstract), 324. 

Arbacia punctulata egg, first division, 
effects of colchicine (abstract), 328. 

, unfertilized, fatty acid 
compounds in (abstract), 323. 

ARMSTRONG, FLORENCE, Mary MaAx- 
FIELD, C. Lapp PRossER AND GorR- 
DON SCHOEPFLE. Analysis of the 
electrical discharge from the cardiac 
ganglion of Limulus (abstract), 
327. 

Ascidia, embryonic induction, 216. 


ACTERIA, in fouling of submerged 
surfaces (abstract), 302. 

BAILEY, KENNETH. Crystallization of 
myogen from skeletal muscle (ab- 
stract), 303. 

. Crystalline myogen (ab- 
stract), 322. 

BALL, Eric G., AND BETTINA MEYERHOF. 
The occurrence of cytochrome and 
other hemochromogens in certain 
marine forms (abstract), 321. 


457 





458 


BALLENTINE, RoBEeRT. The intracellu- 
lar distribution of reducing systems 
in the Arbacia egg (abstract), 328. 

Bartu, L. G. Neural differentiation 
without organizer (abstract), 299. 

BEADLE, G. W., Epwarp L. TATUM AND 
C. W. Crancy. Development of 
eye colors in Drosophila: production 
of v* hormone by fat bodies, 407. 

BEADLE, G. W. See Tatum and Beadle, 
415. 

Beams, H. W. See Evans and Beams 
(abstract), 331. 

—,—.—., AND T. C. Evans. Some 
effects of colchicine upon the first 
division of the eggs of Arbacia 
punctulata (abstract), 328. 

BISSONNETTE, THOMAS H., AND ALBERT 
Csecu. Modified sexual photoperi- 
odicity in cotton-tail rabbits, 364. 

Blood capillaries, mammalian, passage of 
protein and other nitrogenous sub- 
stances through walls (abstract), 
320. 

——., and respiratory ability, freshwater 
fish (abstract), 300. 

BotsForD, E. FRANCES. Temporal sum- 
mation in neuromuscular responses 
of the earthworm, Lumbricus ter- 
restris (abstract), 328. 

Brachydanio rerio, karyokinesis during 
cleavage, 79. 

BraGcG, ArtHuR N. Observations upon 
amphibian deutoplasm and its rela- 
tion to embryonic and early larval 
development, 268. 

vON BRAND, THEODOR. Chemical and 
histochemical observations on Ma- 
cracanthorhynchus hirudinaceus 
(abstract), 303. 

. , Norris W. RAKESTRAW 
AND CHARLES E. RENN. Further 
experiments on the decomposition 
and regeneration of nitrogenous or- 
ganic matter in sea water, 285. 

Bresslaua, pH reactions during feeding 
(abstract), 303. 

Brown, F. A., Jr. The source of chro- 
matophorotropic hormones in crus- 
tacean eyestalks (abstract), 329. 

—, —. —., —., AND ONA CUNNING- 
HAM. Influence of the sinusgland of 
crustaceans on normal viability and 
ecdysis, 104. 

—, —. —., —., AND H. E. EDERSTROM. 


On the control of the dark chromato- 


INDEX 


phores of Crago telson and uropods 
(abstract), 330. 

—, —. —., —., AND H. H. ScuDAMORE. 
Comparative effects of sinusgland 
extracts of different crustaceans on 
two chromatophore types (abstract), 
329. 

Brown, Morven G. The blocking of 
excystment reactions of Colpoda 
duodenaria by absence of oxygen, 
382. 

Buck, JoHn B. Micromanipulation of 
salivary gland chromosomes (ab- 
stract), 330. 

BurGER, J. WENDELL. Some experi- 
ments on the relation of the external 
environment to the spermatogenetic 
cycle of Fundulus heteroclitus (L.), 
96. 

ButTcHerR, Eart O. The illumination of 
the eye necessary for different 
melanophoric responses of Fundulus 
heteroclitus, 258. 


CABLE, R. M., anp A. V. HUNNINEN. 
Studies on the life history of Spelo- 
trema Nicolli (abstract), 309. 

Calcium chloride, response of frog stri- 


ated muscle (abstract), 332. 
CAMPBELL, J. B. S., AND M. H. Jacoss. 

Studies on the permeability-decreas- 

ing effect of alcohols and pharma- 

cologically related compounds on 
the human erythrocyte (abstract), 
320. 
Carassius auratus, differential effect of 
radiations on Mendelian pheno- 
types, 192. 

, variations of color pattern in 
hybrids, 184. 
Cell cleavage, as affected by leukotaxine 

(abstract), 335. 

, living, in action (abstract), 308. 
—— permeability, increased, mechanism 
(abstract), 318. 

to water, effect of leukotaxine 
(abstract), 335. 
processes, effects of hydrostatic 
pressure (abstract), 305. 
Centropages typicus, reactions to light 

and gravity, 200. 

Chaetopterus eggs, water permeability 

(abstract), 317. 

——, method of feeding, 115. 
Cuase, Aurin M. Color changes in 

luciferin solutions (abstract), 323. 





INDEX 


Chemical and mechanical properties of 
two animal jellies (abstract), 331. 

CuiLp, GeorGe P. The effect of in- 
creasing time of development at 
constant temperature on the wing 
size of vestigial of Drosophila 
melanogaster, 432. 

Chilomonas paramecium, respiration (ab- 
stract), 298. 

——_— ——., temperature and starch and 
fat (abstract), 298. 

Cholinesterase, in invertebrates 
stract), 321. 

Chromatophores, dark, control of, in 
Crago telson and uropods (abstract), 
330, 

Chromatophore types, comparative ef- 
fects of sinusgland extracts of differ- 
ent crustaceans (abstract), 329. 

Chromatophoric hormones, source in 
crustacean eyestalks (abstract), 329. 

CLaFF, C. Ltoyp anp G. W. KIDDER. 
pH reactions during feeding in the 
ciliate Bresslaua (abstract), 303. 

CiLancy, C.W. See Beadle, Tatum and 
Clancy, 407. 

Cleavage delay in Arbacia eggs after 
irradiation while closely packed in 
capillary tubes (abstract), 324, 

Cleavage, effect of leukotaxine (ab- 
stract), 335. 

, effects of Roentgen radiation on 
related phenomena, Arbacia eggs 
(abstract), 331. 

——, first, Arbacia eggs, effects of col- 
chicine (abstract), 328. 

——, karyokinesis during, zebra fish, 79. 

—— time of Arbacia eggs in absence 
of oxygen, x-ray effect (abstract), 
325. 

CLowes, G. H. A. See Krahl, Keltch 
and Clowes (abstract), 318. 

CouEN, Irvinc. Cleavage delay in 
Arbacia punctulata eggs irradiated 
while closely packed in capillary 
tubes (abstract), 324. 

Colchicine, effects on first division of 
Arbacia eggs (abstract), 328. 

Color patterns, variations in goldfish 
hybrids, 184. 
responses of catfishes with single 
eyes (abstract), 312. 

Colpidium campylum, growth as affected 
by biologically conditioned medium 
(abstract), 297. 


(ab- 


459 


Colpoda duodenaria, oxygen lack and 
blocking of excystment reactions, 
382. 

Contraction, frequency, conditions gov- 
erning, heart of Venus mercenaria 
(abstract), 315. 

——, muscular, Clark’s 
stract), 314. 

CosTELLo, D. P., AND R. A. YounG. 
The mechanism of membrane eleva- 
tion in the egg of Nereis (abstract), 
311. 

Crago telson and uropods, control of 
dark chromatophores (abstract), 
330. 

CRAWFORD, JOHN D. See Navez and 
Crawford (abstract), 315. 

Crayfish, retinal pigment and theory of 
asymmetry of flicker-response con- 
tour, 126. 

, retinal pigment migration, effect of 
eye-stalk extracts, 119. 

Crozier, W. J.,AND Ernst WoLF. The 
flicker-response contour for the cray- 
fish. II. Retinal pigment and the 
theory of the asymmetry of the 
curve, 126, 

Csecu, ALBERT. 
Csech, 364. 

Cumingia eggs, activation by bivalent 
cations (abstract), 333. 

CUNNINGHAM, ONA. See Brown and 
Cunningham, 104. 

Cytochrome, occurrence of, and other 
hemochromogens in certain marine 
forms (abstract), 321. 

Cytoplasm, does action of x-rays on 
nucleus depend on? (abstract), 326. 


theory (ab- 


See Bissonnette and 


DACTYLOMETRA quinquecirrha, L. 
Agassiz, life cycle, in Chesapeake 
Bay, 368. 

Dark-adaptation and reversal of photo- 
tropic sign in Dineutes, 354. 

Decomposition, nitrogenous organic mat- 
ter in sea water, 285. 

Deutoplasm, amphibian, and embryonic 
and early larval development, 268. 

Dewey, VirGciniA C, Test secretion in 
two species of Folliculina, 448. 

Diet, effect on eye color development, 
Drosophila, 415. 

Differentiation, isolated rudiments of 
Amblystoma punctatum embryo 
(abstract), 299. 





460 


——, neural, without organizer (ab- 
stract), 299. 

Dihydroxyestrin, effect of injection into 
castrated female frogs (abstract) , 338. 

Dineutes, dark adaptation and reversal 
of phototropic sign, 354. 

Dogfish, fetal, absence of epithelial hy- 
pophysis, and head and pigmenta- 
tion abnormalities, 174. 

Drosophila, eye color development, v 
production by fat bodies, 407. 

——, eye color, effect of diet, 415. 

——— melanogaster, wing size of vestigial, 
effect of increasing development 


+ 


time at constant temperature, 432. 

DuRYEE, WILLIAM R. Does the action 
of x-rays on the nucleus depend upon 
the cytoplasm? (abstract), 326. 


ARTHWOR\M, temporal summation 
in neuromuscular responses (ab- 
stract), 328. 

Ecdysis, influence of sinusgland of crus- 
taceans, 104. 

EperstroM, H. E. See Brown and 
Ederstrom (abstract), 330. 

Egg-sea-water-neutralizing substances 
from spermatozoa, Echinometra sub- 
angularis, 147. 

Eggs, mosaic, regulation in (abstract), 
308. 

Electric current, effect on viscosity of 
protoplasm sea urchin egg, 399. 
Embryo, androgenetic, Triturus viri- 
descens, after cessation of develop- 

ment (abstract), 334. 

——, development, related to amphibian 
deutoplasm, 268. 

——, induction in, Ascidia, 216. 
Emplectonema kandai, Kato, lumines- 
cence, 166. 
Endamoeba muris, 
stract), 313. 
Erythrocyte, human, permeability-de- 
creasing effect of alcohols (abstract), 

320. 

, mammalian, factors affecting he- 
molysis by n-butyl alcohol (ab- 
stract), 319. 

Evans, T. C. See Beams and Evans 
(abstract), 328. 

Evans, T. C. anp H. W. Beams. Ef- 
fects of Roentgen radiation on cer- 
tain phenomena related to cleavage 
in Arbacia eggs (Arbacia punctulata) 
(abstract), 331. 


food habits (ab- 


INDEX 


Excystment reactions, blocked by oxygen 
lack in Colpoda duodenaria, 382. 
Eye color development, effect of diet on, 
Drosophila, 415. 
in Drosophila, 407. 

illumination, necessary for different 
melanophoric responses, Fundulus, 
258. 

Eye-stalk extracts, action on retinal pig- 
ment migration in crayfish, 119. 
Eyestalks, removal, moulting and via- 
bility after, Uca pugilator (abstract), 

326. 


FAWCETT, Don Wayne. Absence 
of the epithelial hypophysis in a 
fetal dogfish associated with ab- 
normalities of the head and of pig- 
mentation, 174. 

Feeding, method of, in Chaetopterus, 
115. 

——, —— — ,, — tunicates, 443. 

——,pH reactions during, in ciliate 
Bresslaua (abstract), 303. 

Fermentation and respiration in higher 
plants (abstract), 301. 

Ferry, JoHN D. Chemical and me- 
chanical properties of two animal 
jellies (abstract), 331. 

Fertilization, activity-preventing and 
egg-sea-water neutralizing sub- 
stances from spermatozoa, Echinom- 
etra subangularis, 147. 

——,, “agglutination” phenomenon with 
spermatozoa of Chiton tuberculatus, 
157. 

——, fixation of x-ray effect in Arbacia 
eggs (abstract), 325. 

Flicker-response contour, asymmetry of, 
and retinal pigment, crayfish, 126. 

Folliculina, test secretion in two species, 
448. 

Food, growth, and structure in Amoeba, 
391. 

—— habits of Endamoeba muris (ab- 
stract), 313. 

Forty-first report of the Marine Biolog- 
ical Laboratory, 1. 

Fouling, réle of bacteria, submerged 
surfaces (abstract), 302. 

Fundulus embryos, regeneration (ab- 
stract), 336. 

, eye illumination for different mel- 
anophoric responses, 258. 

—— heteroclitus (L.), spermatogenetic 

cycle and external environment, 96. 





INDEX 


——, male sexual cycle and effects of 
light and temperature, 92. 

——-Scomber hybrid, pigment inherit- 
ance (abstract), 316. 

—— scomber hybrid, pigment inheri- 
tance, 423. 


ANGLION, cardiac, electrical dis- 
charge from, Limulus (abstract), 
327. 

Germaria, in differentiation of ovarioles, 
female aphids, 135. 

Guick, Davip. See Smith and Glick 
(abstract), 321. 

GopDARD, Davip R. The relation be- 
tween fermentation and respiration 
in higher plants (The Pasteur Effect) 
(abstract), 301. 

GoopricH, H. B., AND PRisciLya L. 
ANDERSON. Variations of color pat- 
tern in hybrids of the goldfish, 
Carassius auratus, 184. 

—, —. —., AND J. P. Trinkaus. The 
differential effect of radiations on 
Mendelian phenotypes of the gold- 
fish, Carassius auratus, 192. 

GRAHAM, JupiTH E., anp F. J. M. 
SicHEL. Response of frog striated 
muscle to CaCl, (abstract), 332. 

Gravity, reactions to, Centropages typ- 
icus, 200. 

Growth and structure, Amoeba, effect of 
kind of food, 391. 

——, Colpidium, effect of biologically 
conditioned medium (abstract), 297. 

Gutman, Rita. Stabilizing action of 
alkaline earths upon crab nerve 
membranes, as manifested in resting 
potential measurements (abstract), 


309. 


ARRIS, D. L. An _ experimental 
study of the pigment granules of the 
Arbacia egg (abstract), 310. 

Harvey, ETHEL Browne. An 
maphrodite Arbacia, 74. 

—, A method of deter- 
mining the sex of Arbacia and a new 
method of producing twins, triplets 
and quadruplets (abstract), 312. 
_— . An artificial nucleus 
in a non-nucleate half-egg (abstract), 
312. 

Haywoop, CHARLOTTE. The permea- 
bility of the toadfish liver to inulin 
(abstract), 332. 


her- 


461 


Heart, as affected by certain drugs, in 
ascidian Perophora viridis (ab- 
stract), 337. 

——, contraction, conditions governing 
frequency, Venus mercenaria (ab- 
stract), 315. 

Hemolysis, rate of, by n-butyl alcohol, 
factors affecting, in mammalian 
erythrocyte (abstract), 319. 

Hemopoietic organs, young albino rats, 
quantitative study (abstract), 314. 

HENsHAW, P.S. Fixation of x-ray effect 
by fertilization in Arbacia eggs 
(abstract), 325. 

Hermaphrodite Arbacia, 74. 

HOLLINGSWORTH, JOSEPHINE. Activa- 
tion of Cumingia and Arbacia eggs 
by bivalent cations (abstract), 333. 

Hopkins, DwicHt L. The vacuole sys- 
tems of a fresh water limacine 
Amoeba (abstract), 334. 

Hormones, chromatophorotropic, source 
in crustacean eyestalks (abstract), 
329. 

HuUNNINEN, A. V. See Cable and Hun- 
ninen (abstract), 309. 

HUTCHENS, JoHN. Respiration in Chilo- 
monas paramecium (abstract), 298. 

——,——, AND M. E. Kran. Effect 
of increased intracellular pH on the 
physiological action of substituted 
phenols (abstract), 322. 

Hydrostatic pressure, effects on certain 
cellular processes (abstract), 305. 

Hypophysis, epithelial, absence of, and 
abnormalities of head and pigmenta- 
tion in fetal dogfish, 174. 


] NHERITANCE, pigment, Fundulus- 
Scomber hybrid, 423. 

Intermedin, method for assay (abstract), 
327. 

Inulin, permeability to, of toadfish liver 
(abstract), 332. 


Invertebrates, cholinesterase in (ab- 
stract), 321. 

IRVING, LAURENCE. The relation of 
blood to the respiratory ability of 


fresh water fish (abstract), 300. 


ACOBS, M. H. See Campbell and 
Jacobs (abstract), 320. 
: See Netsky and Jacobs 
(abstract), 319. 
——,—.—., AND A. K. PArRparT. A 
mechanism of increased cell per- 





462 


meability resembling catalysis (ab- 
stract), 318. 

Jellies, animal, chemical and mechanical 
properties (abstract), 331. 

Jounson, W. H., AnD J. E. G. RAYMONT. 
The reactions of the planktonic 
copepod, Centropages typicus, to 
light and gravity, 200. 


K ANDA, Sakyo. The luminescence 
of a nemertean, Emplectonema 
kandai, Kato, 166. 

Karyokinesis during cleavage of zebra 
fish, 79. 

KatzIn, LEONARDI. The ionic permea- 
bility of frog skin as determined 
with the aid of radioactive indicators 
(abstract), 302. 

KayLor, Corne.tius T. Cytological 
studies on androgenetic embryos of 
Triturus viridescens which have 
ceased development (abstract), 334. 

: Experiments on the pro- 
duction of haploid salamanders (ab- 
stract), 307. 

Kettcu, A. K. See Krahl, Keltch and 
Clowes (abstract), 318. 

Kipper, G. W. The effect of biolog- 
ically conditioned medium upon the 
growth of Colpidium campylum 
(abstract), 297. 

KINDRED, J. E. A quantitative study 
of the hemopoietic organs of young 
albino rats (abstract), 314. 

KitcHinG, J. A. The effects of a lack 
of oxygen, and of low oxygen ten- 
sions, on Paramecium, 339. 

,»——.—. See Moser and Kitching 
(abstract), 335. 

——,—.—. The effects of lack of 
oxygen and of low oxygen tensions, 
on the activities of some Protozoa 
(abstract), 304. 

KraAwL, M.E. See Hutchens and Krahl 
(abstract), 322. 

KRAHL, M. E., A. K. KELtCH AND G, H. 
A. Clowes. Oxygen consumption 
and cell division of fertilized Arbacia 
eggs in the presence of respiratory 
inhibitors (abstract), 318. 


AWSON, Cuester A. The signifi- 
cance of germaria in differentiation 
of ovarioles in female aphids, 135. 
Leukotaxine, effect on cell cleavage 
(abstract), 335, 


INDEX 


——, effect on cell permeability to water 
(abstract), 335. 

Light, effects on male sexual cycle, 
Fundulus, 92. 

Centropages 


, reactions, typicus, 
200. 

Limulus, analysis of electrical discharge 
from cardiac ganglion (abstract), 
327. 

LITTLEFORD, RoBert A. The life cycle 
of Dactylometra quinquecirrha, L. 
Agassiz in the Chesapeake Bay, 368. 

Luciferin solutions, color changes (ab- 
stract), 323. 

Luminescence of a nemertean, Emplec- 
tonema kandai, Kato, 166. 


MACSINITIE, G. E. The method 
of feeding of Chaetopterus, 115. 
,»—-.—. The method of feeding of 
tunicates, 443. 

Macracanthorhynchus hirudinaceus, 
chemical and histochemical observa- 
tions (abstract), 303. 

Marine Biological Laboratory, forty-first 
annual report, 1. 

MARSLAND, D. A. Effects of hydro- 
static pressure upon certain cellular 
processes (abstract), 305. 

Martin, W. E. Studies on the trema- 
todes of Woods Hole. II. The life 
cycle of Stephanostomum tenue 
(Linton), 65. 

Mast, S.O. The relation between kind 
of food, growth and structure in 
Amoeba, 391. 

MATTHEWS, SAMUEL A. The effects of 
light and temperature on the male 
sexual cycle in Fundulus, 92. 

MAXFIELD, Mary. See Armstrong, 
Maxfield, Prosser and Schoepfle 
(abstract), 327. 

Melanophore responses, and eye illu- 
mination, Fundulus, 258. 

Membrane elevation, mechanism in 
Nereis egg (abstract), 311. 

MENKIN, VALy. Effect of leukotaxine 

on cell cleavage (abstract), 335. 

Effect of leukotaxine on 
cellular permeability to water (ab- 

stract), 335. 

MEYERHOF, BETTINA. See 
Meyerhof (abstract), 321. 

Micromanipulation of salivary gland 
chromosomes (abstract), 330. 


Ball 


and 





INDEX 


Moser, FLoyp. The differentiation of 
isolated rudiments of the Ambly- 
stoma punctatum embryo (ab- 
stract), 299. 

AND J. A. KitcHInGc. Re- 
sponse of the Arbacia egg cortex to 
chemical and physical agents in the 
absence of oxygen (abstract), 335. 
Moulting and viability after removal of 

eyestalks in Uca pugilator (ab- 
stract), 326. 
Muscle contraction, Clark’s theory (ab- 
stract), 314. 
, skeletal, crystallization of myogen 
(abstract), 303. 
——,, striated, refractory period in non- 
conducted response (abstract), 316. 

, response to CaCl, in frog 
(abstract), 332. 

Myogen, crystalline (abstract), 322. 
——,, crystallization from skeletal muscle 
(abstract), 303. 


ABRIT,S. Mitton. Further studies 
on regeneration in Fundulus em- 
bryos (abstract), 336. 

Navez, ALBERT E. Fatty acid com- 
pounds in the unfertilized egg of 
Arbacia punctulata (abstract), 323. 

—,, —., AND JoHN D. CRAWFORD. 
Conditions governing the frequency 
of contraction of the heart of Venus 
mercenaria (abstract), 315. 

Nereis egg, membrane elevation, mechan- 
ism of (abstract), 311. 

—— limbata eggs, photodynamic action 
(abstract), 324. 

-spawning, induced by 
elaborated by fertilizable 
eggs (abstract). 306. 

Nerve asphyxiation and aerobic recovery 
in relation totemperature (abstract), 
305. 

——, differentiation without organizer 
(abstract), 299. 

—— membranes, crab, stabilizing action 
of alkaline earths (abstract), 309. 

Netsky, M. G., anD M. H. Jacoss. 
Some factors affecting the rate of 
hemolysis of the mammalian ery- 
throcyte by m-butyl alcohol (ab- 
stract), 319. 

Neuromuscular responses, temporal sum- 
mation, in earthworm (abstract), 


328. 


material 
Nereis 


463 


Nitrogenous organic matter, in sea water, 
decomposition and _ regeneration, 
285. 

NovixorF, ALEx B. Regulation in 
mosaic eggs (abstract), 308. 

Nucleus, artificial, in non-nucleate half- 
egg (abstract), 312. 


OLFACTORY organ, anuran, deter- 
mination and induction (abstract), 
311. 

Ovariole differentiation, 
female aphids, 135. 

Oxygen consumption and cell division, 

fertilized Arbacia eggs in presence of 

respiratory inhibitors (abstract), 

318. 

lack, and blocking of excystment 

reactions, Colpoda, 382. 

and low oxygen tension, effect 
on Paramecium, 339. 

and response of Arbacia egg 
cortex to chemical and physical 

agents (abstract), 335. 

Oxygen lack, and x-ray effect on cleavage 

time of Arbacia eggs (abstract), 

325. 

, effects on activities of some 

Protozoa (abstract), 304. 


germaria in, 


PARAMECIUM, effect of oxygen lack 
and low oxygen tension, 339. 
Parker, G. H. Color responses of cat- 
fishes with single eyes (abstract), 
312. 
Parpart, A. K. See Jacobs and Parpart 
(abstract), 318. 
Permeability, cell, effect of leukotaxine 
(abstract), 335. 
, increased, mechanism of, re- 
sembling catalysis (abstract), 318. 
—, ionic, of frog skin, determined by 
radioactive indicators (abstract), 
302. 
——,to inulin, of toadfish liver (ab- 
stract), 332. 
——, water, of Chaetopterus eggs (ab- 
stract), 317. 
Perophora viridis, action of certain drugs 
on intact heart (abstract), 337. 
Phenols, substituted, effect of increased 
intracellular pH on _ physiological 
action (abstract), 322. 

pH reactions during feeding in ciliate 
Bresslaua (abstract), 303. 





464 


Photodynamic action in eggs of Nereis 
limbata (abstract), 324. 

Photoperiodicity, sexual, modified, in 
cotton-tail rabbits, 364. 

Pigmentation abnormalities, and absence 
of epithelial hypophysis in fetal dog- 
fish, 174. 

Pigment granules of Arbacia egg (ab- 
stract), 310. 

—— inheritance in Fundulus-Scomber 
hybrid (abstract), 316. 

— ——, in Fundulus Scomber hybrid, 

423. 

——, retinal, and asymmetry of flicker- 
response contour, crayfish, 126. 
Porter, K. R. Androgenetic develop- 

ment of the egg of Rana pipiens, 233. 
Program and abstracts of scientific papers 
presented at the Marine Biological 
Laboratory, summer of 1939, 297. 
Prosser, C. Lapp. See Armstrong, 
Maxfield, Prosser and Schoepfle 


(abstract), 327. 

Protein, passage of, and other nitrog- 
enous substances through walls of 
growing and differentiated mam- 
malian blood capillaries (abstract), 
320. 

Protoplasm, viscosity, as affected by 


electric current, sea urchin egg, 399. 

Protozoa, oxygen lack and low oxygen 
tensions, effects on activities (ab- 
stract), 304. 


ABBITS, cotton-tail, modified sexual 
photoperiodicity, 364. 

Radiations, differential effect, on Men- 
delian phenotypes of goldfish, 192. 

——, Roentgen, effects on phenomena 
related to cleavage in Arbacia eggs 
(abstract), 331. 

RAKESTRAW, Norris W. See von Brand, 
Rakestraw and Renn, 285. 

Rana pipiens, androgenetic development 
of egg, 233. 

—— —, effect of injection of solution 
of dihydroxyestrin into castrated 
females (abstract), 338. 

RaymonT, J. E. G. Dark adaptation 
and reversal of phototropic sign in 
Dineutes, 354. 

—,—.—. See Johnson and Ray- 
mont, 200. 

Reducing systems, intracellular distri- 
bution, in Arbacia egg (abstract), 
328. 


INDEX 


Regeneration, Fundulus embryos (ab- 
stract), 336. 

, nitrogenous organic matter, in sea 
water, 285. 

RENN, CHARLES E. See von Brand, 
Rakestraw and Renn, 285. 

Respiration and fermentation in higher 
plants (abstract), 301. 

——, Chilomonas paramecium 
stract), 298. 

——, freshwater fish, relation of blood to 
(abstract), 300. 

Retinal pigment migration, crayfish, 
action of eyestalk extracts, 119. 
Roentgen radiation, effect on phenomena 
related to cleavage in Arbacia eggs 

(abstract), 331. 

RoosEN-RUNGE, Epwarp C. Karyo- 
kinesis during cleavage of the zebra 
fish Brachydanio rerio, 79. 

Rose, S. Meryt. Embryonic induction 
in the Ascidia, 216. 

Russet, Atice M. Pigment inherit- 
ance in the Fundulus-Scomber hy- 
brid (abstract), 316. 

Pigment inheritance in 

the Fundulus scomber hybrid, 

423. 


(ab- 


AFFORD, Vircinta. The use of the 
swimbladder by fish in respiratory 
stress (abstract), 317. 

Salamanders, haploid, production (ab- 
stract), 307. 

Salivary gland chromosomes, 
manipulation (abstract), 330. 

Sanpow, ALEXANDER. On Clark’s the- 
ory of muscular contraction (ab- 
stract), 314. 

SCHOEPFLE, GorRDON. See Armstrong, 
Maxfield, Prosser and Schoepfie 
(abstract), 327. 

ScupamorE, H. H. See F. A. Brown, 
Jr. and H. H. Scudamore (abstract), 
329. 

Sex cycle, light and temperature effects, 
Fundulus, 92. 

——, determination, in 
stract), 312. 

——., photoperiodicity, modified, in cot- 
ton-tail rabbits, 364. 

SHAPIRO, HERBERT. Nerve asphyxia- 
tion and aerobic recovery in relation 
to temperature (abstract), 305. 


micro- 


Arbacia (ab- 





INDEX 


—-, . Water permeability of 
Chaetopterus eggs (abstract), 317. 

SICHEL, F. J. M. The refractory period 
in the non-conducted response of 
striated muscle (abstract), 316. 

Sinusgland, crustacean, influence on 
normal viability and ecdysis, 104. 

——- extracts, different crustaceans, com- 
parative effects on two chromato- 
phore types (abstract), 329. 

Sinus, mammalian carotid, histology of 
(abstract), 314. 

SmitH, Cart C., AND Davip GLICK. 
Some observations on cholinesterase 
in invertebrates (abstract), 321. 

——, Jay A. Temperature and starch 
and fat in Chilomonas paramecium 
(abstract), 298. 

SouTHWICK, WALTER E. Activity-pre- 
venting and egg-sea-water neutral- 
izing substances from spermatozoa 
of Echinometra subangularis, 147. 

; —. The “agglutination” 
phenomenon with spermatozoa of 
Chiton tuberculatus, 157. 

Spawning, of male, induction by material 
elaborated by fertilizable Nereis eggs 
(abstract), 306. 

SpeiDeL, C. C. Living cells in action 
(motion picture) (abstract), 308. 
Spelotrema nicolli, life history (ab- 

stract), 309. 

Spermatogenetic cycle, Fundulus, and 
external environment, 96. 

Spermatozoa, ‘‘agglutination” phenom- 
enon with, Chiton tuberculatus, 
157. 

Stephanostomum 
cycle, 65. 

Swarming annelid, vibration sense (ab- 
stract), 313. 

Swimbladder, use by fish, in respiratory 
stress (abstract), 317. 


tenue (Linton), life 


"TATUM, E. L., anp G. W. BEADLE. 
Effect of diet on eye-color develop- 
ment in Drosophila melanogaster, 
415. 


, See Beadle, Tatum and 
Clancy, 407. 
Temperature, constant, and increased 
time of development, effect on wing 
size vestigial Drosophila, 432. 
, effects on male sexual cycle, Fun- 
dulus, 92. 


465 


——, nerve asphyxiation and aerobic 
recovery (abstract), 305. 

——,, starch and fat in Chilomonas para- 
mecium (abstract), 298. 

Test secretion, two species of Folliculina, 
448. 

Toadfish liver, permeability to inulin 
(abstract), 332. 

TOWNSEND, GRACE. 
a swarming 
313. 

—, . On the nature of the 
material elaborated by fertilizable 
Nereis eggs inducing spawning of the 
male (abstract), 306. 

Trematode, Stephanostomum 
(Linton), life cycle, 65. 

Trinkaus, J. P. See Goodrich and 
Trinkaus, 192. 

Triturus viridescens, androgenetic em- 
bryos which have ceased develop- 
ment (abstract), 334. 

Tunicates, feeding method, 443. 


A vibration sense in 
annelid (abstract), 


tenue 


USA pugilator, moulting and viability 
after eyestalk removal (abstract), 
326. 


+ hormone, production by fat bodies, 

Drosophila, 407. 

Vacuole systems of fresh water limacine 
Amoeba (abstract), 334. 

Vibration sense in a swarming annelid 
(abstract), 313. 

Viscosity of protoplasm, sea urchin egg, 
effect of electric current, 399. 

Vision, retinal pigment, and theory 
of asymmetry of flicker-response 
contour, crayfish, 126. 


WATERMAN, A. J. The action of 
certain drugs on the intact heart of 
the compound ascidian, Perophora 
viridis (abstract), 337. 

WELsH, Jonn H. The action of eye- 
stalk extracts on retinal pigment 
migration in the crayfish, Cambarus 
bartoni, 119. 

Wenricy, D. H. Food habits of Enda- 
moeba muris (abstract), 313. 

Wing size, vestigial, Drosophila, effect 
of increasing development time at 
constant temperature, 432. 

Wo tr, Ernst. See Crozier and Wolf, 
126. 





466 


Wotr, OpaL. An effect of the injection 
of a solution of dihydroxyestrin into 
castrated female frogs, Rana pipiens 
(abstract), 338. 


X-Ray effect, fixation, by fertilization, 
A ° 
Arbacia eggs (abstract), 325. 

—— ——, on cleavage time of Arbacia 
eggs in absence of oxygen (abstract), 
325. 

— ——, on 


nucleus, dependent on 


cytoplasm? (abstract), 326. 


INDEX 


YOUNG, R. A. See Costello and 


Young (abstract), 311. 


7, EBRA fish, karyokinesis during cleav- 
age, 79. 

ZoBELL, CLAuDE E. The réle of bac- 
teria in the fouling of submerged 
surfaces (abstract), 302. 

ZWILLING, EpGAR, Determination and 
induction of the anuran olfactory 
organ (abstract), 311. 





A Perfect Illustration 


Or the lack of it, may make 
or mar a scientific paper. 


For 65 years we have specialized in 
making reproductions by the Helio- 
type process of the most delicate 
pencil and wash drawings and photo- 
graphs;and by the Heliochrome proc- 
ess, of paintings and drawings in 
color. 


Ask the editor to whom you submit 
your next paper to secure our esti- 
mates for the reproduction of your 
illustrations. 





The Heliotype Corporation 
Est. 1872 
172 Green St., Jamaica Plain, 
Boston, Mass. 


C-980 C-990 C-1281 C-1981 


Micro-Dissecting 


Instruments 


atte Sine eel ee LANCASTER PRESS, Inc. 


points, finely milled serrations, slender shank. 
Easy working spring, 4” long. Chrome plated LANCASTER, PA. 
each $1.25 


C-990 Forceps. As above, but with curved % 
ends. Chrome plated, 4” length......each $1.50 


C-1221 McCLURE Scissors, improved. Blade 


length %”. Chrome plated. Total length THE EXPERIENCE we have 


C1981 Iridectomy Scissors. Blade length 1%”. gained from printing some 


Chrome plated. Total length 5%”. In metal 
each $10.80 


* C-975 Swiss Watchmakers’ Forceps, 4%” long, tions has fitted us to meet 
very fine points each $1.50 


N t 
aires: Rnaivated the standards of customers 


sixty educational publica- 





who demand the best. 


We shall be happy to have workers at 
CLAY- ADAMS co the MARINE BIOLOGICAL LABORATORY 
- write for estimates on journals or 
INC. monographs. Our prices are moderate. 
44 EAST 23RD STREET, NEW YORK 





THE BIOLOGICAL BULLETIN 


Tue BioLocicaL BULLETIN is issued six times a year. Single 
numbers, $1.75. Subscription per volume (3 numbers), $4.50. 


Subscriptions and other matter should be addressed to the 
Biological Bulletin, Prince and Lemon Streets, Lancaster, Pa. 
Agent for Great Britain: Wheldon & Wesley, Limited, 2, 3 and 
4 Arthur Street, New Oxford Street, London, W.C. 2. 


Communications relative to manuscripts should be sent to the 
Managing Editor, Marine Biological Laboratory, Woods Hole, 
Mass., between June 1 and October 1 and to the Biological Lab- 
oratories, Divinity Avenue, Cambridge, Mass., during the re- 
mainder of the year. 


INSTRUCTIONS TO AUTHORS 


Preparation of Manuscript. In addition to the text matter, manuscripts 
should include a running page head of not more than thirty-five letters. 
Footnotes, tables, and legends for figures should be typed on separate sheets. 


Preparation of Figures. The dimensions of the printed page (4% x7 
inches) should be borne in mind in preparing figures for publication. Draw- 
ings and photographs, as well as any lettering upon them, should be large 
enough to remain clear and legible upon reduction to page size. Illustrations 
should be planned for sufficient reduction to permit legends to be set below 
them. In so far as possible, explanatory matter should be included in the 
legends, not lettered on the figures. Statements of magnification should take 
into account the amount of reduction necessary. Figures will be reproduced 
as line cuts or halftones. Figures intended for reproduction as line cuts 
should be drawn in India ink on white paper or blue-lined coordinate paper. 
Blue ink will not show in reproduction, so that all guide lines, letters, etc. 
must be in India ink. Figures intended for reproduction as halftone plates 
should be grouped with as little waste space as possible. Drawings and 
lettering for halftone plates should be made directly on heavy Bristol board, 
not pasted on, as the outlines of pasted letters or drawings appear in the 
reproduction unless removed by an expensive process. Methods of repro- 
duction not regularly employed by the Biological Bulletin will be used only 
at the author’s expense. The originals of illustrations will not be returned 
except by special request. 


Directions for Mailing. Manuscripts and illustrations should be packed 
flat between stiff cardboards. Large charts and graphs may be rolled and 
sent in a mailing tube. 


Reprints. Authors will be furnished, free of charge, one hundred re- 
prints without covers. Additional copies may be obtained at cost. 


Proof. Page proof will be furnished only upon special request. When 
cross-references are made in the text, the material referred to should be 
marked clearly on the galley proof in order that the proper page numbers 
may be supplied. Manuscripts should be returned with galley proof. 


Entered October 10, 1902, at Lancaster, Pa., as second-class matter under 
Act of Congress of July 16, 1894. 











CONTENTS 


Page 


KITCHING, J. A. 
The Effects of a Lack of Oxygen and of Low Oxygen Tensions 
on Paramecium 339 


RAYMONT, J. E. G. 
Dark Adaptation and Reversal of Phototropie Sign in Dineutes 354 


BISSONNETTE, THOMAS HUME AND ALBERT GEORGE CSECH 
Modified Sexual Photoperiodicity in Cotton-tail Rabbits. 364 


LITTLEFORD, ROBERT A. 
The Life Cycle of Dactylometra quinquecirrha, L. Agassiz in 
the Chesapeake Bay 368 


BROWN, MORDEN G. 
The Blocking of Excystment Reactions of Colpoda duodenaria 


by Absence of Oxygen . 382 
MAST, S. O. 

The Relation between Kind of Food, Growth, and Structure 

in Amoeba... 391 


ANGERER, C. A. 
The Effect of Electric Current on the Relative Viscosity of Sea- 
Urchin Egg Protoplasm 399 


BEADLE, G. W., E. L. TATUM AND C. W. CLANCY 
Development of Eye Colors in Drosophila: Production of 
v* Hormone by Fat Bodies 6a cs fei ; 407 


TATUM, E. L., AND G. W. BEADLE 
Effect of Diet on Eye-Color Development in Drosophila me- 
lanogaster ; ; feces 415 


RUSSELL, ALICE 
Pigment Inheritance in the Fundulus-Scomber Hybrid..... 423 


CHILD, GEORGE 
The Effect of Increasing Time of Development at Constant 
Temperature on the Wing Size of Vestigial of Drosophila 
melanogaster... ' ; 432 


MACGINITIE, G. E. 
The Method of Feeding of Tunicates. 443 


DEWEY, VIRGINIA C. 
Test Secretion in Two Species of Folliculina...... 448 


INDEX FOR VOLUME 77 











a Ae Ne 





